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TO David K Paylor

FROM Alan E Pollock

DATE July 20 2010

COPIES Ellen Gilinsky

SUBJECT CONCERNS WITH JULY 1 DRAFT NUTRIENT ALLOCATIONS

FOR THE JAMES RIVER BASIN BASED ON CHLOROPHYLL
CRITERIA

EXECUTIVE SUMMARY

® Proper assessment of model output must recognize the significant spatial and temporal

variability of chlorophyll levels in contrast to the more predictable dissolved oxygen

patterns

EPA recognized this variability during the cooperative development process for the

chlorophyll criteria in 2005 and included significant modeling evaluation of alternatives to

address this issue EPA approved the Virginia criteria based upon model assessment rules

appropriate
for chlorophyll attainment in contrast to the rules that were used to develop the

July 1 James River draft allocations

Recent information from the lower tidal James River 2010 Water Quality Assessment shows

attainment or at most 1 nonattainment for those river segments The expected reductions

needed to meet the dissolved oxygenbased James River allocation TN • 2679 MPY TP

= 269 MPYI should achieve the criteria in this portion of the river without the additional

reductions proposed by EPA

The additional reductions identified in

the July 1 letter which we do not believe are justified

at this time would increase costs to the citizens of the Commonwealth upwards of $500

million

Based on model results received from EPA in the past few days absent the imposition of the

chlorophyll issue in the James the Virginia Tributary Strategy level of reductions would

meet the draft nutrient allocations assigned to the Commonwealth

CONCERNS WITH JULY 1 DRAFT NUTRIENT ALLOCATIONS FOR JAMES RIVER

BASIN

1 Methodology used to Develop Draft Allocations to Meet Chlorophyll Criteria is Not

Appropriate



® Chlorophyll model calibration is difficult due to its high natural variability Caution must be

taken

in evaluating model results as the basis for assessing attainment and setting nutrient

allocations for compliance with chlorophyll criteria

® Concern that changes in chlorophyll on the order of 12 ugll seasonal average and 24 in

terms of nonattainment rates are smaller than those than can be precisely distinguished by

the model detected in monitoring data or concluded to have ecological significance

The rules and procedures to assess model output need to be carefully examined to see what is

appropriate for the chlorophyll parameter in contrast to what is appropriate for dissolved

oxygen Refer to Attachment Awhich summarizes the differences between these two

parameters regarding precision of analytical methods confidence of impairment

environmental variability etc For the Bay TMDL EPA

is using a1 nonattainment

rule when evaluating model scenario output for judging dissolved oxygen attainment We
have not yet seen EPAs documentation to justify using the 1 nonattainment rule for

interpreting model results for dissolved oxygen However we continue to be concerned that

using the I nonattainment rule for modeling attainment for chlorophyll given the

significant differences in these parameters is not technically justified

As discussed in more detail below under section II when the chlorophyll standards were

adopted in 2005 EPA endorsed using model assessment rules different from the rules used to

establish the July 1 draft allocations Model predictions allowed up to a 4 nonattainment

rule for assessing attainability with the proposed standards for several of the criteria

® Attachment B presents the results of the 2008 and 2010 Water Quality Assessments for the

chlorophyll criteria in the tidal James River The following conclusions are drawn by using

the results of the 2010 Assessment data from200608 and the assessment procedures

developed by EPA 2010 and being adopted into the Virginia Water Quality Standards ie
the far right column 2010 JR Geo Mean Status

1 The three lower James River segments for both spring and summer either attain standards

or are within I nonattainment The most recent model results as analyzed by EPA show

nonattainment in at least one season in these three segments for several 3year cycles

under the allocations based on meeting the dissolved oxygen criteria TN = 2679 MPY
TP = 269 MPY

Based on recent emails from EPA staff we understand that in developing the proper

allocations to address the chlorophyll criteria in the DC Potomac and Anacostia Rivers

EPA used additional lines of evidence not just model output and data from the 1990s

One email stated For the Potomac the current monitoring data showed the Potomac is

in attainment for Chlorophyll and the Ajnacostia is only 4 nonattainment That

information combined with the fact that the Potomac allocation still requires additional

load reductions beyond current loads made us conclude that these segments will attain for

chlorophyll at the allocated load It appears to us that a consistent line of evidence
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approach should be used for the lower James River segments where most recent data

shows that they are currently either in attainment or at 1 nonattainment

2 The 2010 Assessment shows nonattainment in both the James upper and lower Tidal

Fresh segments for both seasons especially
for the summer season However for the

upper
Tidal Fresh segment the model is showing attainment in both seasons for all of the

3year cycles For the lower Tidal Fresh in the spring the model shows slight 2nonattainment
For the lower Tidal Fresh in the summer the model shows persistentnonattainment

in half of the 3year cycle periods

Given this situation we have little confidence in using the model to assess attainment in

these tidal fresh segments The main conclusion we draw is

that the monitoring data are

tidal

fresh

still pointing us towards the real chlorophyll problem innthee J
mes

whichh
the

sections particularly
the lower tidal fresh in the summer

Virginia needs to review the summer tidal fresh criteria particularly
the application

of the

Harmful Algal Bloom criteria published by EPA We believe if

EPA used the same model

assessment rules for the 2010 TMDL that were used in the standards adoption process in

2005 Virginia would have the opportunity to conduct the necessary review and update of

the chlorophyll
criteria without unjustified

allocations in the 2010 TMDL

For chlorophyll EPA is assessing model results by requiring
attainment throughout the entire

10year modeling assessment period ie the criteria must be met in all eight 3year cycles

However EPA worked though a consensus process that identified one 3year cycle
that

accounts for critical conditions in setting allocations for dissolved oxygen criteria They are

also doing the same for SAVclarity criteria

We continue to be concerned that the critical condition approach used for the chlorophyll

criteria is overly
conservative by requiring compliance

in every assessment cycle over the

entire model simulation period especially compared to the other two water quality
criteria in

the Bay In addition as noted in section II below when Virginia adopted the chlorophyll

standards in 2005 EPA endorsed using model assessment of attainability for both a ten year

average as well as looking at the rolling 3year averages

We are concerned over the lack of examination of the same problems that cause

counterintuitive model results in some segmentseasons might also be causing more

systematic less obvious problems in other segmentseasons We believe there is a need to

develop a set of objective
criteria for evaluating model behavior that includes 1 a

systematic evaluation of the ability of the model to quantify changes in chlorophyll and 2

an evaluation of the causes of problematic
model chlorophyll predictions

and how those

causes might affect the model accuracyprecision in all of the James River segments for both

spring
and summer seasons

o It is doubtful that Virginia would have taken the step
of being the first to adopt numeric

chlorophyll
criteria if

EPA had applied the model attainability rules currently being used ie

1 nonattainment rule and requiring
attainment in all 3year assessment cycles

in the

simulation period
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11 Need to Acknowledge the Basis for the Existing James River Chlorophyll Criteria and the

Need to ReviewUpdate those Criteria

In March 2005 the State Water Control Board adopted water quality standards to protect the

Chesapeake Bay and tidal rivers these standards included five new designated uses numeric

criteria for dissolved oxygen SAV and water clarity and a narrative chlorophyll criterion

Action on numeric chlorophyll criteria for the tidal James River was delayed to give further

consideration to public comments and to develop nutrient loading and cost alternative

analyses The Board considered the James River chlorophyll criteria at their June 2005

meeting and adopted criteria at their November 2005 meeting

® Earlier in the decade EPA chose not to develop Baywide numeric chlorophyll criteria

following extensive review scientific investigation and debate within the Chesapeake Bay
Program Therefore the cooperative process between the Commonwealth and EPA to

develop the chlorophyll criteria for the James River was plowing new ground The process
resulted in new investigation using several lines of evidence such as reference sites

information on harmful or nuisance aquatic plant life undesirable food conditions natural

characteristics of the James River and attainability of criteria under various nutrient

reductions in the basin

® Much debate and controversy developed among the stakeholders during the rulemaking

process Legislation drafted by a member of the General Assembly that would require

justification of tangible benefits to the environment and the public was held in abeyance as

long as a solution agreeable to all parties was achieved Considerable work was devoted to

developing and analyzing alternatives with the EPA model to meet various proposed criteria

within the five river segments and two seasons A James River Alternatives Analysis

along with four addenda was developed and became the focus of the ongoing debate EPA
model analysis of alternatives and the model results became the center of debate throughout
this process

EPA presented model output and worked alongside DEQ and the stakeholders in evaluating
that model output for the alternatives in the following ways

o Model output was evaluated using 10 year averages of attainment over the assessment

period of 1985 to 1994

o Model output was evaluated without any rule calling for attainment throughout all

eight 3year cycle periods

o Model output was evaluated without any rule calling for less than 1 nonattainment

a Based upon that partnership work DEQ staff by memo dated June 22 2005 to the State

Water Control Board in describing the results of the various alternatives evaluated up to that

time stated However most

o
f the nonattainment under the VATS scenario was less than4 which staff believes is within the uncertainty band ofthe model
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Seventeen alternatives were evaluated b
y thetime the Board adopted the criteria The final

proposal presented to the Board at their November 21 2005 meeting which EPA supported

addressed the ten segmentseason
criteria as follows

o Four criteria included upward adjustments from original proposed criteria using the

rationale of attainability but still within environmentally protective ranges

o Two criteria remained unchanged showing nonattainment of 34

o Four criteria remained unchanged showing attainment

DEQ submitted the adopted chlorophyll criteria and supporting documentation to EPA on

January 12 2006 noting that Each of these sitespecific
standards was developed with EPA

Region 3 input and assistance

EPA approved these criteria by letter dated January 12 2006 Approving
these standards the

same day is a clear indication that EPA was fully involved and aware of the basis for the

chlorophyll criteria and supported that process

Likewise EPA provided
written support for a related regulatory action during that same

period when the State Water Control Board amended the Virginia Water Quality

Management Planning regulation
to incorporate nutrient allocations for 125 significant

discharges including those within the James River basin to achieve the adopted chlorophyll

standards EPAs letter stated The allocations are supportive of Virginias proposed

chlorophyll a water quality
criteria for the tidal James River and its tidal tributaries

Subsequent to the previously described actions EPA also approved the Chesapeake Bay

Watershed General Permit effective date of January 1 2007 that included the allocations in

the WQMP regulation

The Commonwealth clearly understands that the science is evolving regarding the use of

chlorophyll criteria in the management of nutrient enrichment of our waters We intend to

initiate a review of the criteria during our next Triennial Review to evaluate any new science

and recent monitoring data We also know that EPA has published criteria to address

harmful algae blooms in tidal fresh waters during the summer season That information will

an area

be closely reviewed since

that a full evaluationrofthe proper assessment tools is

of concern We also be

warranted for both monitoring and modeling data

III Impacts to Virginia Pro rams

Reducing an additional 33 MPY of Nitrogen and 035 MPY of Phosphorus in the James

River basin as called for by the July 1 draft allocations is

estimated to cost upwards of an

additional $500 Million beyond the cost of implementing Tributary Strategy
level of

practices

Based on our experience during the criteria development process we are concerned that

the Commonwealth

leislative response

EPAs July 1 letter will open

he
up

c
le

th
e

anup effort in

process
due to

We are also concerned t p

appeals of the TMDL over the July 1 draft allocations
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Attachment A
Comparison of Chioro h i

Characteristic Chlorophyll Dissolved Oxygen Implication for

Assessment and

TMDL
CriteriaParameter Biological Stressor ie Chemical Stressor ie Chlorophyll

Type Algal Biomass Oxygen Concentration assessmentTMDL less

accurate andprecise

Impairment Lower Based on Higher Based on controlled Chlorophyll
Confidence

relatively difficult to laboratory studies of direct assessmnentTMDL

quantify standard of impact on living organisms Impairment level less

balanced and eg observed health or accurately defined

indigenous population death of organisms

Criteria Evolution Newer EPA publications No Change Since 2005 Chlorophyll criteria

since 2005 science still should be revised

develo in

CriteriaMetric Seasonal geometric mean 30 day 7day 1day Chlorophyll

averages instantaneous assessmentTMDL less

precise Due to longer

averaging period
Parameter Analysis Multistep Laboratory Electronic field meter Chlorophyll
Method

analysis assessmentTMDL data

less accurate and precise
Data Model is using data Methods are high quality Chlorophyll TMDL data

QuantityQuality collected in 1990s have not changed since less accurate andprecise
Trends collection and analysis beginning in 1985

methods have changed

since that time

Analytical Method Higher 16 median Lower 07 ratio of Chlorophyll assessment

Variability relative percent precision Standard less accurate andprecise
difference between intraMethods 215 edition to

laboratory splits in James mean measured summer
River during 1990s DO during 1990s

Environmental Higher 1165 1140 Lower 155 ± 09 Chlorophyll assessment

Variability 1 spring 1223 ± 93 summer less accurate and precise

summer
Model Calibration Lower Accuracy Higher Accuracy Chlorophyll TMDL model

redictions less accurate

Model Prediction Lower Accuracy Higher Accuracy Chlorophyll TMDL model
Ability

predictions less accurate

1 Average and range of coefficient of variation for four 3year assessment periods from1990 to

1998
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From Appendix M Table M3 with

only post processing for James LOE at 12 Potomac
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I Introduction

The period prior to the implementation of the Chesapeake Bay Monitoring Program was

characterized by a marked decline in the water quality of the Chesapeake Bay The disappearance

of submerged aquatic vegetation in certain regions of the Bay declines in the abundance of some

commercially and recreationally important species increases

in

the incidence of low dissolved

oxygen events changes in the Bays food web and other ecological problems were related to

deteriorating water quality eg USEPA 19821983 Officer et al1984 Orth and Moore 1984
The results of concentrated research efforts in the late 1970s and early 1980s stimulated the

establishment of Federal and state directives to better manage the Chesapeake Bay watershed By

way of the Chesapeake Bay Agreements of 1983 1987 and 2000 the State of Maryland the

Commonwealths of Virginia and Pennsylvania and the District of Columbia agreed to share the

responsibility for improving environmental conditions in the Chesapeake Bay As part of these

agreements a longterm monitoring program ofthe Chesapeake Bay was established and maintained

in

order to 1 track longterm trends in water quality and living resource conditions over time 2
assess current water quality and living resource conditions and 3 establish linkages between water

quality and living resources communities By tracking longterm trends in water quality and living

resources managers may be able to determine

if changes in water quality and living resource

conditions have occurred over time and

if

those changes are a reflection of management actions

Assessments of current status may allow managers to identify regions of concern that could benefit

from the implementation ofpollution abatement or management strategies By identifying linkages

between water quality and living resources it maybe possible for managers to determine the impact

of water quality management on living resource communities

Water quality and living resource monitoring in the Virginia main stem and tributaries began in 1985

and continues to the present Detailed assessments of the status and longterm trends in water

quality and living resources in Chesapeake Bay and its tributaries have been previously conducted

Alden et at 19911992 Carpenter and Lane 1998 Dauer 1997 Dauer et al 1998a I998b 2002b

Lane et al l 998 Marshall 19941996 Marshall and Burchardt 1998 2003 2004a 2004b 2005

Marshal I et aI19982005a2005b2006 This report summarizes the status of and longterm trends

in water quality and living resource conditions for the Virginia tributaries through 2006 and updates

the previous reports Dauer et al 2005a 2005b 2005c2007

II Methods and Materials

A Monitoring Program Descriptions

Nontidal water quality samples were collected from 1988 through 2005 at six stations at or near

the fallline in each ofthe major tributaries as part of the U S Geological Surveys USGS and the

Virginia Department of Environmental Qualitys DEQ River Input Monitoring Program Figure

1 Tidal water quality was regularly monitored at 28 sites in the Bay Mainstem and at 27 sites in

the James York and Rappahannock rivers Figure 2 beginning in July 1985 and continuing through

2006 Six permanent water quality monitoring sites were established in the Elizabeth River in 1989

and an additional six were added to the Elizabeth River in 1998 Figure 2 Details of changes in
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the monitoring program sampling regime are provided elsewhere Dauer et at 2005a 2005b 2005c

while sample collection and processing protocols are provided on the World Wide Web at

httVwwwchesapeakebavnetaualityassuranceaspx

Phytoplankton monitoring was conducted at seven stations in the Chesapeake Bay Mainstem

beginning in 1985 and at six sites in the major tributaries beginning in 1986 Figure 3 Two

phytoplankton monitoring programs stations SEES and SBE2 were added in the Elizabeth River

in 1989 although SBE2 was eventually discontinued Epifluorescent autotrophic picoplankton and

C14 primary productivity analysis were added to all stations in 1989 Details of changes in the

monitoring program field sampling and laboratory procedures are described by Dauer et al 2005a

2005b 2005c

Benthic monitoring was conducted at sixteen fixed point stations in the lower Chesapeake Bay

Mainstern and its tributaries beginning in 1985 Sampling at five additional stations two in the

Elizabeth River and one in each of the three other tributaries began in 1989 Figure 3 Details of

and changes to the fixed point monitoring program sampling regime and laboratory procedures are

described

b
y Dauer et al 2005x 2005b 2005c

In 1996 the benthic monitoring program was modified to add a probabilitybased sampling regime

to supplement data collected at fixedpoint stations and estimate the area of Chesapeake Bay and

its tributaries that met restoration goals as indicated

b
y the BIBI Ranasinghe et al 1994 Weisberg

et at 1997 Alden et al 2002 Data are collected at 25 randomly allocated stations in each of four

separate
strata in Virginia 1 the James River 2 the York River including the Pamunkey and

Mattaponi rivers 3 the Rappahannock River and 4 the Mainstem of the Chesapeake Bay An

additional set of 25 random locations have been collected in the Elizabeth River as a part of DEQs
Elizabeth River Monitoring Program beginning in 1999 Probabilitybased monitoring data are used

to assess biological impairment in Chesapeake Bay at different spatial scales on an annual basis

Details of the sampling laboratory and assessment protocols are provided in Dauer et al

2005a2005b2005c and Llansd et al 2005 Further information on all of the monitoring

programs can be found at wwwchesapeakebaynet

B Statistical Analysis

Tabular summaries of land use coverages are modified from data provided by the USEPAs

Chesapeake Bay Program Discharged point source nutrients were obtained from the Central Office

of the Virginia Department of Environmental Quality A comparison of the relative importance of

point and nonpoint sources was made b
y

comparing estimates of discharged loadings of nutrients

and sediments generated for the Year 2007 Progress Run of the Chesapeake Bay Watershed Model

available on the WWW at wwwchesapeakebaynetdatamodelingaspx Percent changes in these

estimates over the last 22 years were made using 1985 Model Assessment Run values as a baseline

To ensure that longterm trends in water quality and living resource data are correctly interpreted

a unified approach for conducting the statistical analyses was used based on guidelines developed

b
y the CBP Monitoring Subcommittees Tidal Monitoring and Assessment Workgroup For both
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status and trend analyses the stations were grouped into groups or segments based on the

segmentation scheme developed by the Chesapeake Bay Programs Data Analysis Workgroup

Figure 2 and data were analyzed for different time periods or seasons as defined for each

monitoring component in Table 1

Status ofall tidal water quality parameters except dissolved oxygen parameters for each Chesapeake

Bay program segment was determined using two methods 1 the relative status as described in

Dauer et al 2005a2005b 2005c and 2 b
y comparing three year median values during the SAV

growing season to SAV habitat criteria see Table 2 using a MannWhitney Utest Status of

dissolved oxygen was determined by calculating the mean of the last three years 2005 through

2007 of bottom measurements collected during the Summermonths June through September and

classifying them as follows mean values equal to or below 2 mgL were classified as Poor values

between 2 and less than 5 mgL were Fair and values equal to or greater
than 5 were Good Note

that the terms Good Fair and Poor used in conjunction with relative status are statistical

classifications for comparison between areas of similar salinity within Chesapeake Bay Though

useful in comparing current conditions among different areas of Chesapeake Bay these terms are

not absolute evaluations but only appraisals relative to other areas of what

is generally believed to

be a degraded system

Status characterizations for phytoplankton communities were determined using the phytoplankton

Index of Biotic Integrity or PIBI Buchanan et al 2005 Status was assessed using station means

of the PIBI for the three year period from 2004 through 2006 Phytoplankton communities were

classified as follows 1 Poor for PIBI values less than or equal to 200 2 FairPoor for values

greater than 200 and less than or equal to 267 3 Fair for values greater
then 267 and less than

or equal to 300 4 FairGood for values greater than 300 and less than or equal to 400 and 5
Good for values greater than 400

Status of benthic communities at each station was characterized using the threeyear mean value

2005 through 2007 ofthe B1131 Weisberg et al 1997 and classified as follows values less than

or equal to 2 were classified as severely degraded values greater than 20 to 26 were classified as

degraded values
greater

than 26 but less than 30 were classified as marginal and values of 30

or more were classified as meeting goals Status of benthic communities was also quantified b
y

using the probabilitybased sampling to estimate the bottom area of all strata populated by benthos

classified as impaired using the BIBI LIanso et al 2007

Trend analyses of nontidal water quality parameters used a seven parameter regression model that

took into account the effects of flow time seasonal effects and other predictors conducted onflowadjustedconcentrations Langland et al 2006 Trend analyses of freshwater flow at the fallline

were conducted using a seasonal Kendall test for monotonic trends Gilbert 1987 Trend analyses

of tidal water quality parameters in the tributaries were conducted using a blocked seasonal

Kendall approach Gilbert 1987 for nutrients in order to account for method changes early in the

program and using a seasonal Kendall test for monotonic trends and the Van Belle and Hughes tests

for homogeneity of trends between stations seasons and stationseason combinations fornonnutrient
parameters in the tributaries and all water quality parameters in the Chesapeake Bay
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Mainstem Gilbert 1987 Trend analyses of bottom dissolved oxygen measurements were

conducted using only data collected during the Summer June through September season Trend

analyses for living resources used the Seasonal Kendall test

III Results and Discussion

A James River Basin

1 Basin Characteristics

The James River basin has the largest population the highest population density the largest

percentage of developed land and the largest percentage of land with impervious surfaces of the

three Virginia tributaries while at the same time having the highest total area and percentage of

forested land and the lowest percentage of agricultural land Table 3A Above the fallline the

James River is predominantly rural with the dominant land use type being forest coupled with some

agricultural lands The tidal portion of the river is characterized by two large urbanized regions

Richmond and Hampton Roads with high population densities higher percentages of impervious

surfaces relatively lower forest cover and fewer riparian buffer miles separated by large areas of

predominantly forest land and open water with some agricultural
land Table 3B

Above the fallline model estimates of nonpoint sources accounted forover 90 of the 23754745

lbyr ofnitrogen loads and 86 of the 2915295 lbyr of phosphorus loads entering the James River

in 2007 Table 4 Point source estimates accounted for 55 of the 25253407 lbyr of the total

nitrogen load entering the James River below the fallline while nonpoint source loadings

accounted for most 40 of the 2309500 lbyr of total phosphorus load Table 4 Nutrient

reduction activities are estimated to have resulted in 13 and 27 reductions in

total nitrogen

loading since 1985 above and below the fallline respectively Table 4 These reductions were due

primarily to reductions in nonpoint sources above the fallline and point source loadings below the

fallline Nutrient reductions activities resulted in a 17 and 56 reduction in total phosphorus

loadings since 1985 above and below the fallline respectively Table 4 Reductions above the

fallline were due to reductions in nonpoint source loadings while those below the fallline were

probably due to increased point source controls

Annual discharged point source loadings of nitrogen were from five to seven times higher below the

fallline BFL than above the fallline AFL Annual AFL point source loadings of total nitrogen

have declined steadily from nearly 3500000 lbyr in 1984 to just under 2800000 lbyr in Figure

4A Following an initial increase from around 20200000 lbyr in 1984 to over 25000000 lbyr

in 1989 BFL point source loadings declined substantially to stabilize at values of from 11000000

to 13000000 lbyr during the last decade Figure 4B

Annual point source loadings of phosphorus were generally
twice as high below the fallline BFL

than above the fallline AFL AFL total phosphorus loadings were at or near 790000 lbyr prior

to 1988 but declined sharply during the next two years to nearly 420000 lbyr in 1990 Following

this decline point source phosphorus loads rose steadily to around 755000 lbyr in 2004 but have
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declined again substantially during the last two years to just over 400000 lbyr in 2006 Figure 5

2 Water Quality

There were no significant trends in freshwater flow in the James or Appomattox or Chickahominy
rivers at the fallline p> 001 Seasonal Kendall test In general water quality above the fallline

in the James River appears to be improving as indicated by the decreasing trends in concentrations

of nitratenitrites total phosphorus and dissolved inorganic phosphorus parameters No trends in

nutrients or suspended solids were observed at the fallline in the Appomattox or Chickahominy

rivers Table 5

Relative status of most nutrients in the tidal James River was Good or Fair except with status

generally being better in the upstream segments Figure 6 Relative status of surface chlorophyll

a was Good in all segments except the Appomattox River APPTF and the James River Mouth

JMSPH where it was Poor and in the Chickahominy River CHKOH where it was Fair Status

of total suspended solids and Secchi depth was Fair or Poor throughout the James River but status

of bottom dissolved oxygen was Good in all segments Figure 7 Most longterm and post method

change trends in nutrients observed indicated improving water quality conditions except in the

Upper James River JMSTF2 where degrading trends in surface and bottom total nitrogen were

detected during the postmethod change period and in the Lower James River where degrading

trends in surface and bottom dissolved inorganic phosphorus were detected Figure 6 Improving

longterm trends in surface chlorophyll a were detected in the Chickahominy River CHKOH and

the Upper James River JMSTF 1 but a degrading trend in this parameter was detected at the James

River Mouth JMSPH Degrading trends in bottom total suspended solids were detected in the

Upper James River JSMTF2 and

in

the Lower James River JMSMH while degrading trends in

secchi depth were detected in both segments of the Upper James River the Chickahominy River

CHKOH and at the James River Mouth JMSPH Improving trends in Summerbottom dissolved

oxygen were detected in the Appomattox River APPTF and at the James River Mouth JMSPH
Figure 7

SAV habitat requirements for nutrients where applicable were borderline or not met in all segments

except in

the Appomattox River APPTF and the Chickahominy CHKOH where the habitat

requirement for surface dissolved inorganic phosphorus were met Figure 8 SAV habitat

requirements for surface chlorophyll a were met in all segments except in the Appomattox River

APPTF where this parameter was borderline SAV habitat requirements were not met or

borderline for all segments for both surface total suspended solids and secchi depth except at the

James River Mouth JMSPH were the requirement for surface total suspended solids was met

Figure 8 Degrading post method change trends were detected in surface total nitrogen and surface

dissolved inorganic nitrogen in the Upper James River JMSTF2 and the Chickahominy River

CHKOH during the SAV growing season Trend analysis indicated improvements in surface

dissolved inorganic phosphorus in the Appomattox River and in the Upper James River JMSTF2
however a degrading trend in this parameter was detected in the Lower James River JMSPH
Improving trends in surface chlorophyll a were detected

in

the Upper James River JMSTFI and

the Chickahominy River CHKOH during the SAV growing season Although no trends were
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detected in total suspended solids degrading trends in secchi depth were detected in all of the upper

segments of the James River APPTF JMSTF2 JMSTF 1 and CHKOH as well as the James River

Mouth JMSPH An improving trend in bottom dissolved oxygen was detected in the James River

Mouth JMSPH during the SAV growing season Figure 8

Status of all nutrients was either Fair or Poor in throughout of the Elizabeth River except for surface

and bottom dissolved inorganic nitrogen where it was Good Figure 9 Status ofchlorophyll a was

Poor in the Western Branch WBEMH and Lafayette
River LAFMH Fair in the Eastern Branch

EBEMH and Elizabeth River main stem ELIPH and Good in the Southern Branch SBEMH

Status for surface and bottom total suspended solids was Fair or Poor in

all segments except for

bottom total suspended solids in the Southern Branch SBEMH and Eastern Branch EBEMH

Status of Seechi depth was Poor throughout the Elizabeth River while the status ofdissolved oxygen

was Good or Fair Figure 10

No significant trends in

nutrients were detected in

the Western Branch WBEMH or the Lafayette

River LAFMH However improving trends in
either surface andor bottom total nitrogen and

dissolved inorganic nitrogen were detected in the Southern Branch SBEMH the Eastern Branch

EBEMH and the Elizabeth River Mainstem ELIPH Improving trends in

surface andor bottom

total phosphorus and dissolved inorganic phosphorus were also detected in these two segments

Figure 9 A degrading trend in bottom total nitrogen was detected in the Elizabeth River Mainstem

ELIPH as was a post method change improving trend in

bottom dissolved inorganic nitrogen

Figure 9 There were no significant
trends in chlorophyll a in the Elizabeth River Improving

trends in surface and bottom total suspended solids were observed in the Southern Branch

SBEMH Eastern Branch EBEMH and Elizabeth River main stem ELIPH A degrading trend

in Secchi depth was detected in the Elizabeth River Mainstem ELIPH

SAV habitat requirement for nutrients was not met or borderline in all segments of the Elizabeth

River except in the Western Branch were surface dissolved inorganic nitrogen met the criterion

Figure 11 The SAV habitat requirement for chlorophyll a was met in most segments of the

Elizabeth River For surface total suspended solids SAV habitat requirement was met in the

Southern Branch SBEMH and Eastern Branch EBEMH but not met in the Western Branch The

SAV habitat requirement was borderline or not met in

all segments for Secchi depth Figure 11

Status of bottom dissolved oxygen during the SAV growing season was Good

With respect to nutrients during SAV growing season improving trends were observed in surface

nitrogen parameters in the Southern Branch SBEMH and Eastern Branch EBEMH and for

surface total phosphorus in the Southern Branch SBEMH Degrading trends in surface total and

dissolved inorganic nitrogen were detected in the Elizabeth River Mainstem ELIPH An

improving trend and a degrading trend in surface chlorophyll awere detected in the Southern Branch

SBEMH and Eastern Branch EBEMH respectively Although an improving trend in surface

total suspended solids was detected in the Elizabeth River Mainstein ELIPH a degrading trend in

Secchi depth was detected in

the same segment
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3 Living Resources

Status of phytoplankton communities based on the PIBI was classified as Fair to Poor at all stations

in the James River and Elizabeth River and a degrading trend in the PIBI was detected at station

SBE5 in the Southern Branch ofthe Elizabeth River Figure 12 Degrading trends in cyanobacteria

abundance were also detected at nearly all stations in this basin along with degrading trends in

primaryproductivity at station TF55 and the Margalef diversity index at station RET51 Improving

trends in the biomass to abundance ratio were detected in all stations ofthe James River excluding

station SBE5 in the Elizabeth River SBEMH as were improving trends in chlorophyte and

picoplankton biomass at stations TF55 in the Upper James River segment JMSTFI and station

RET51 in the Middle James River JMSOH Figure 12 Two major concerns are indicated in this

review Both an upstream and a downstream station TF55 LE55 indicated unfavorable increased

biomass trends in cyanobacteria This taxonomic group contains several major bloom produces and

a few potentially toxic species Their continued increased presence and biomass levels would be

negative factors affecting water quality and biota in the James River The second concern is the

increased biomass trend in
dinoflagellates downstream at station LE55 This group also contains

several potential harmful species This was evident in 2007 when major blooms of Cochlodiniurn

polykrikoides occurred in the Elizabeth Lafayette and lower James rivers Previous blooms of this

species have been common in these rivers the past decade Marshall et al 2008 and have also taken

place in August 2008 A similarnegative trend in the lower James was the increased chlorophyll

a levels accompanying this development

The BIBI met restoration goals at only two stations in the main stem ofJames River station LE5 I

in the Middle James River JMSOH and station LE54 in the Lower James River JMSM H Status

of the BIBI at all other stations in the James River was either degraded or marginal Status of the

BIBI at both stations in the Elizabeth River was degraded Figure 13 Improving trends in the

BIBI were detected at station RET52 in the Middle James River JMSOH and at stations SBE5
in the Southern Branch SBEMH of the Elizabeth River Figure 13 In 2007 results of the

probabilitybased benthic monitoring indicate that 68 of the total area of the James River is

degraded Llanso et al 2007 Previous studies suggest that anthropogenic contaminant may
account for much of the degradation in the James River particularly in the Elizabeth River Dauer
et al 2005a LIanso et al2005

4 Management Issues

Trends at the fallline indicate that in general water quality is improving in the nontidal portions

of the James River basin with respect to nutrient concentrations although no change in suspended

solids was observed Nutrients in the tidal
portions of this estuary although not as elevated as in

other tributaries do exceed desirable levels in some areas Reductions

in nonpoint source loadings

as indicated b
y the reductions in fallline nutrient concentrations above the fallline coupled with

declines in
point sources loadings of nutrients both above and below the fallline are probably linked

to the high water quality with
respect to nutrients found in the James River These reductions

coupled with naturally high freshwater flow input maintain nutrients at levels which are comparably

better than many other areas in the Chesapeake Bay watershed Despite the improvements water
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clarity in

the James River is consistently Poor and continues to decline in many areas of this

tributary The source of problems in water clarity is at least

in part due to Poor conditions with

respect to total suspended solids

Despite the apparent improvements in water quality living resources conditions in the James River

are degraded and declining in some areas Phytoplankton communities throughout the James River

were characterized as FairPoor at all stations and conditions may be continuing to degrade as

indicated by widespread degrading trends in cyanobacteria biomass although some improvements

in phytoplankton communities were indicated The benthos at most stations in the James River was

marginal or degraded and probabilitybased benthic monitoring indicated that a high percentage

68 of the total area of the river was degraded due in part to anthropogenic contamination Llans6

et al 2008

The Elizabeth River is highly impacted with respect to nutrients water clarity and chlorophyll a in

some areas Intense urbanization resulting in high nonpoint source runoff coupled with high point

source nutrient loadings result in the Poor water quality in

this tributary The degrading trends in

the PIBI in the Elizabeth River and the increasing trend in cyanobacteria biomass in the Elizabeth

River are an important concern At the level of the entire watershed 72 of the river is

characterized as having degraded benthos Dauer 2008 Although severely impaired the Elizabeth

River is improving at the upper reach station in the Southern Branch SBE5 The primary stress

to these communities appears to be anthropogenic contamination due to a variety of sources

including historical contamination municipal and industrial point sources nonpoint source storm

water runoff and automobile emissions Recent BMPs and reductions inpoint source loadings may

be ameliorating both the problems with water quality and living resource conditions in some areas

and expansion of these practices should result in fu ther improvements

B York River Basin

1 Basin Characteristics

Although the York River watershed has the second highest total area and percentage of developed

land and the second highest overall population density of all three of the Virginia tributaries it is
predominantly rural as indicated by the high percentages of forested and agricultural land with

forested land accounting for over 60 ofthe total area In addition the York River has the highest

percentages of open water and wetlands of all of the Virginia tributaries as well as the highest

percentage of shoreline with a riparian buffer Table 3A Total area of developed land in all

subwatersheds of the York River was low and percent area of developed land was comparable

between subwatersheds Total areas and percentages of impervious surface were always less than

3 of the total subwatershed area Total area and percentages of total subwatershed area in

agricultural land was generally higher in the upstream and nontidal portions of the Pamunkey and

Mattaponi rivers than in the tidal portion of the York River Forested land decreases substantially

moving downstream to the Lower Tidal York River both

in

total area and percent of the total

subwatershed area due primarily to an increase in open water Table 3C
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Based on watershed model estimates nonpoint sources accounted for 98 of the approximately

5126000 lbyr of AFL total nitrogen loadings to the York River There has been an estimated 16
reduction in AFL nonpoint source total nitrogen loadings while estimates of point source nitrogen

loads increased 51 Table 4 Nonpoint sources accounted for 76 of over 5613000 lbyr of

BFL total nitrogen loadings to the York River Model estimates of nonpoint source BFL total

nitrogen loads decreased 22 but point source nitrogen loadings increased 71 respectively from

1985 through 2007 Table 4

Nonpoint sources accounted for 93 ofnearly 512500 lbyr ofthe AFL total phosphorus loads and

74 ofthe BFL total phosphorus loads to the York River in 2007 Nutrient reduction strategies and

the phosphate ban have resulted in an estimated overall reduction of 12 and 30 in nonpoint

source loadings above and below the fallline respectively Table 4 Estimates of point source

loadings have increased 31 above the fallline but decreased 54 below the fallline Table 4

AFL point source loadings showed a general increase from around 112000 lbyr in 1984 to 213000

lbyr in 2000 followed by a mostly steady decline to approximately 128000 lbyr in 2006 Figure

14A BFL point source loadings of nitrogen initially declined from around 1260000 lbyr in 1984

to approximately 650000 in 1989 Thereafter however point source nitrogen loadings exceeded

1000000 lbyr in 1990 and rose fairly steadily to reach a maximum of over 1500000 lbyr in 1999

after which they dropped to below 1000000 lbyr in 2001 However during the last four
years

BFL

point source nitrogen loadings increased steadily to reach a maximum of nearly 1340000 lbyr in

2006 Figure 14B

AFL point source phosphorus loadings declined from approximately 37500 lbyr in 1984 to just

under 25000 lbyr in 1991 but increased thereafter to reach a maximum of nearly 62500 lbyr in

2005 AFL point source phosphorus loadings declined sharply again in 2006 to approximately

34000 lbyr in 2006 Figure 15A BFL point source phosphorus loads declined from over 400000

lbyr in 1984 to 120000 lbyr in 1990 but then increasing to levels at or above 132000 lbyr until

2001 when loadings decreased to levels which have remained below 125000 lbyr Figure 15B

2 Water Quality

There were no trends in freshwater flow in either the Pamunkey or Mattaponi rivers p>001
seasonal Kendall test Water quality conditions at the fallline in the Pamunkey River appear to be

degrading as indicated

b
y the increasing trends in flow adjusted concentrations of nitrogen and

phosphorus parameters observed at the fallline station near Hanover No trends in water quality

were detected at the fallline in the Mattaponi River near Beulahville Table 5

Status of nitrogen parameters was Fair or Good in all segments Status of phosphorus parameters

was Good in the Upper Pamunkey River PMKTF the Upper Mattaponi River MPNTF and

Mobjack Bay MOBPH but only Fair or Poor in the lower segments of the Pamunkey and

Mattaponi PMKOH and MPNOH and the Lower York River YRKMH Status of phosphorus

parameters in the Middle York River YRKMH was generally Poor Figure 16 Status of surface

chlorophyll a was Good in the Pamunkey River and Mattaponi River segments but Fair in
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remaining segments Status of total suspended solids was Poor or Fair

in

most segments except in

the Upper Mattaponi River MPNTF where it was Good Status of secchi depth was Poor in most

segments of the York River except in

the upper segments of Pamunkey and Mattaponi rivers where

it was Fair and Good respectively Summer bottom dissolved oxygen status was Good or Fair in

all segments Figure 17

Degrading longterm or post method change trends in surface andor bottom nitrogen parameters

were detected in all segments except Mobjack Bay MOBPH where improving trends in both total

and dissolved inorganic nitrogen were detected Degrading long term trends were detected in

surface or bottom total phosphorus in the Upper and Lower Pamunkey River PMKTF and PMKOH
and in the Middle York River YRKMH and Lower York River YRKPH while improving trends

in both surface and bottom total phosphorus were detected in Mobjack Bay MOBPH Post method

change improving trends in surface and bottom dissolved inorganic phosphorus were detected in the

Upper Pamunkey River PMKTF and Upper Mattaponi River MPNTF while longterm degrading

trends in surface and bottom dissolved inorganic phosphorus were detected in the Middle York

River YRKMH Figure 17 A degrading trend in surface chlorophyll a was detected in the Lower

York River YRKPH while improving trends in bottom andor surface total suspended solids were

detected in the Upper Pamunkey River YRKMH and Mobjack Bay MOBPH Degrading trends

in Secchi depth were detected in most segments Figure 17

SAV habitat requirements for nutrients in most segments were either met or were borderline except

in the Middle York River YRKMH where the requirement for surface dissolved inorganic

phosphorus was not met Surface chlorophyll a met the SAV habitat requirement in all segments

while surface total suspended solids did not meet the requirements in the Lower Pamunkey River

PMKOH the Lower Mattaponi River MPNOH the Middle York River YRKMH and Mobjack

Bay MORPH Secchi depth was borderline or failed to meet the SAV criteria in most segments

except the Upper Mattaponi Figure 18 During the SAV growing season a degrading trend in

surface total nitrogen was detected in the Lower York River while an improving postmethod change

trend was detected in Mobjack Bay MOBPH Degrading trends in phosphorus parameters were

detected in the Lower Pamunkey River PMKOH and the Middle York River YRKPH while an

improving trend was detected in the Upper Mattaponi River MPNTF However an improving

postmethod change trend was detected in Mobj ack Bay MOBPH There were no trends in surface

chlorophyll a during the SAV growing season Improving trends in surface total suspended solids

were detected in the Lower Pamunkey River PMKOH and Mobjack Bay MOBPH Degrading

trends in Secchi depth were detected in the Lower York River YRKPH and Mobjack Bay

MOBPH figure 18

3 Living Resources

Status of the phytoplankton communities based on the PIBI was Fair at station TF42 in the Upper

Pamunkey River PMKTF Poor at station RET43 in the Middle York River YRKMH and Fair

at station WE42 in Mobjack Bay MOBPH Figure 19 There were no significant trends in the

PIBI Improving trends in the biomass to abundance ratio and in chlorophyte abundance were

detected at station TF42 in the Upper Pamunkey River PMKTF and at station RET43 in the
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Middle York River YRKMH Degrading trends in primaryproductivity were detected at stations

RET43 and WE42 and in cyanophyte biomass at all stations A degrading trend in the Margalef

diversity index was detected at station WE44 in Mobjack Bay MOBPH Figure 19 Throughout

the York River phytoplankton stations there were trends of increased cyanobacteria biomass As

noted in the James River the cyanobacteria are represented by several potentially harmful taxa

some being toxin producers Any further continuation of this trend is a potential water quality

concern In addition summer blooms of Cochlodiniurn polykrikoides continue to occur at

downstream locations in the York and adjacent inlets Many of these past blooms have lasted over

several weeks extending southward into the western coastal waters of Chesapeake Bay Marshall

et at 2005b 2008 An additional concern regarding the entry of other potentially toxic species in

these waters occurred in 2007 when the toxic species Alexandrixmr nnonilati_m was identified during

our monitoring in the lower York River and one of its subestuaries

Benthic community status as measured with the BIBI was Good only at station LE43 in the Lower

York River YRKPH and either degraded or severely degraded at all other stations Figure 20 An

improving trend in the BIBI was detected at station LE43B in the Lower York River YRKPH but

no other trends in the BIBI were detected Figure 20 In 2007 results of the probabilitybased

benthic monitoring indicate that 80 of the total area of the York River was degraded Llansb et

al2008 Previous studies indicate that a combination of anthropogenic contamination

eutrophication and low dissolved oxygen adversely affect benthic communities in the York River

Dauer et al 2005b Llanso et al2005

4 Management Issues

Water quality in the nontidal portion of the Pamunkey River appears to be degrading as indicated

by increasing trends observed in both nitrogen and phosphorus parameters Despite the generally

Good relative status increasing trends in both nitrogen and to a lesser degree phosphorus parameters

indicate that water quality in the York River may be degrading possibly in response to increases in

above fallline nonpoint source loadings In addition degrading trends in nutrients may be due to

increasing point source total nitrogen loads both above and below the fallline and to increasing AFL

point source total phosphorus loads Poor water clarity is a persistent and widespread problem in
the York River as indicated by the Poor relative status the SAV habitat requirement failures of

secchi depth throughout the estuary and the degrading trends observed in some segments The

source of the water clarity problem is unknown Although the increases in point source nutrients

observed were relatively small the small total area and low flow rates ofthe York River may make

it more susceptible to changes in point or nonpoint source nutrient loadings

Phytoplankton community conditions appear to reflect Poor water quality conditions as indicated

b
y the Fair to Poor status in the PIBI observed through this tributary In addition phytoplankton

communities may be continuing to degrade as indicated b
y the increasing trends in cyanobacteria

biomass The increases in cyanobacteria observed may adversely affect water clarity Although

sporadic in their occurrence dinoflagellate blooms occur in the downstream areas of this tributary

and are often extensive

in

areal coverage and in the duration of their development On these

occasions they represent a serious negative effect on water quality and living resources of the area
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All but one of the fixed point benthic monitoring stations in the York River were degraded and

probabilitybased sampling indicated that 80 of the bottom of the York River does not met the

restoration goals Llans6 et a12008 Previous studies suggest that anthropogenic contamination

appears to be the predominant source of stress to the benthos but eutrophication and low dissolved

oxygen also play a role Dauer et al 2005b There is a possibility that physical disturbance of the

benthos caused by seabed mixing a natural source of stress may also be an important factor

determining benthic community status in the York River Dellapenna et al 1998 2003

C Rappahannock River Basin

1 Basin Characteristics

The Rappahannock River is predominantly rural with lowest overall population density and

percentage of developed land of all three Virginia tributaries coupled with high percentages of

agricultural and forest land use types I
t has the second highest area of agricultural cropland of all

three ofthe Virginia tributaries Table 3A Subwatershed specific percentages ofagricultural land

were generally near orgreater than 20 and decreased moving downstream fromabove the fall ine

while percentages of forest land were above 40 and also decreased moving downstream The

percentage of shoreline with a riparian buffer was 356 overall and decreased moving downstream

from the Upper Tidal portion of the river Table 3D

Nonpoint sources are estimated to have accounted for 95 of the nearly 5900000 lbyr of total

nitrogen loads above the fallline and 92 of the nearly 4000000 lbyr below the fallline

Although the AFL point source nitrogen loads increased 43 from 1985 through 2007 nonpoint

source loadings were reduced 17 resulting in a 16 reduction in total nitrogen above the fallline

Table 4

Based on model estimates nonpoint sources accounted for 95 of the 579000 lbyr of AFL total

phosphorus loads and 92 of the 306000 lbyrof BFL total phosphorus loads to the Rappahannock

River Management activities resulted in estimates reductions of 18 and 38 in nonpoint source

loading above and below the fallline respectively Table 4 Estimates of point source loadings

decreased 60 and 79 above and below the fallIine respectively Table 4

AFL point source loadings of nitrogen initially decreased overall from over 190000 lbyr in 1984

to 135000 lbyr in 1988 After this time AFL point source loadings showed a generally increasing

trend to a value just over 260000 lbyr in 2007 Figure 21A In contrast BFL total nitrogen loads

showed a general increase from over 330000 lbyr in 1984 to nearly 470000 lbyr in 1989

Thereafter values typically maintained levels above 300000 lbyr during the period from 1990

through 2003 but thereafter declined to around 232000 lbyr in 2007 Figure 21B

Annual BFL point source loadings of phosphorus were typically higher than AFL values for the

period of 1985 through 1995 but have become comparable during the last eight years following

substantial and generally steady declines in both regions that began in 1989 following the phosphate

ban Figure 22AB AFL point source loadings oftotal phosphorus showed a decline from an initial
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81000 lbyr in 1984 to about 26000 lbyr in 2007 Figure 22A BFL point source loadings of total

phosphorus showed a steep drop from values at or above 115000 lbyr from 1984 through 1987 to

just over 66000 lbyr in 1988 Thereafter BFL point source total phosphorus loads have steadily

declined to less that 20000 lbyr in the Rappahannock River Figure 22B

2 Water Quality

No significant trends in freshwater flow at the Rappahannock River fallline were detected There

were no significant trends in nutrient or total suspended solids above the fallline in the

Rappahannock River Table 5

Relative status of nutrients was Good for all parametersegment combinations in the Rappahannock
River except for surface and bottom total phosphorus in the Middle Rappahannock River RPPOH
where

it was Fair Figure 23 Status of chlorophyll a was Fair in all segments except the Upper

Rappahannock River RPPTF where it was Good Status of surface and bottom total suspended

solids was Fair or Poor except in the Corrotoman River CRRMH where it was Good Status of

Secchi depth was Poor in all segments ofthe Rappahannock River except for the Corrotoman River

CRRMH where

it was Fair Status of Summer bottom dissolved oxygen was Good in Upper

Rappahannock River and the Middle Rappahannock River and Fair in the remaining segments

Figure 24

Degrading longterm trend were detected in bottom total nitrogen and surface total phosphorus in

the Middle Rappahannock River RPPOH and in surface total phosphorus in the Corrotoman River

CRRMH An improving longterm trend in surface dissolved inorganic nitrogen was detected in

the Corrotoman River CRRMH Improving post method change trends were detected in surface

andor dissolved inorganic phosphorus in the Upper Rappahannock River RPPTF and the Middle

Rappahannock River RPPOH Figure 23 Degrading trends in surface chlorophyll a were

detected in the Middle Rappahannock River RPPOH and Lower Rappahannock River RPPMH
Although there were no trends in total suspended solids degrading trends in secchi depth were also

detected in the Middle Rappahannock River RPPOH and the Corrotoman River CRRMH
Decreasing trends in salinity were detected in the Lower Rappahannock River RPPMH and the

Corrotoman River CRRMH Figure 24

SAV habitat requirements for nutrients were met in all applicable segments Surface chlorophyll

a was either borderline or met the SAV habitat criteria throughout the Rappahannock River Both

surface total suspended solids and secchi depth failed to meet the SAV habitat criteria in both the

Upper Rappahannock River RPPOH and the Middle Rappahannock River RPPMH but were

borderline or met the criteria elsewhere During the SAV growing season a improving longterm

trend in surface dissolved inorganic nitrogen was detected in the Corrotoman River CRRMH as

well as degrading trends in surface chlorophyll a in the Middle Rappahannock River RPPOH and

the Lower Rappahannock River RPPMH Degrading trends in secchi depth were observed in

Lower Rappahannock River RPPMH and the Corrotoman River CRRMH Figure 24
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3 Living Resources

Status of phytoplankton communities based on the PIBI was Fair at station LE36 and FairPoor

at station RET31 in the Lower Rappahannock River RPPMH while status was Poor at station

TF33 also in the Middle Rappahannock River RPPOH There were no significant trends in the

PIBI Improving trends in the biomass to abundance ratio were detected at all stations while

degrading trends in primary productivity and cyanophyte biomass were detected at all stations

Improving trends in diatom and chlorophyte biomass were detected at station TF33 in the Middle

Rappahannock River and station RET31 in the Lower Rappahannock River RPPMH along with

an improving trend in picoplankton biomass at station LE36 in the Lower Rappahannock River

RPPMH A degrading trend in the Margalef diversity
index was also detected at this station In

addition to the trend of increased cyanobacteria biomass at all stations there were also increasing

trends in dinoflagellate biomass These two categories each contain potentially
harmful and toxic

species Ofconcern would be the continuous increased biomass of these two groups and a decline

in diatom biomass which presently
indicated no significant trend These increasing biomass trends

were accompanied by increasing chlorophyll a levels

Benthic community status met the restoration goals only at station TF33 in the Middle

Rappahannock River RPPOH and in general became more degraded moving downstream with both

stations in the Lower Rappahannock River RPPMH being severely degraded A degrading trend

in the BIBI was detected at station RET31 in the Lower Rappahannock River RPPMH Figure

26 Probabilitybased benthic monitoring results indicated that 88 of the total area of the

Rappahannock River was impaired in

2007 Previous studies indicate benthic degradation in the

Upper Rappahannock River appears to be the result of anthropogenic contamination while

degradation in the lower segments of the river may be the result of a combination of contamination

and low dissolved oxygen effects Dauer et al 2005c Llanso et al2005

4 Management Issues

Water quality conditions with respect to nutrients are generally Good through the Rappahannock

River Water quality problems with nonnutrient parameters were more severe in the upper tidal

regions of the Rappahannock River and include Poor status and violations of SAV habitat criteria

for both suspended solids and secchi depth Water clarity may also be degrading in the lower portion

of the river as evidences decreasing trends in secchi depth observed Issues with phytoplankton

communities include Poor status and degrading trends in cyanophyte biomass and primary

productivity throughout the basin as well as Poor status and degrading trends in Margalef species

diversity and dinoflagellate abundance in the lower river The pattern of increasing trends in

cyanophyte biomass is exhibited not only in each of the Virginia rivers mentioned in this report but

also the Potomac River located north of the Rappahannock River Already major blooms of

cyanobacteria occur annually in

the Potomac If the increasing trends among the cyanobacteria

continue management concerns will include the impact of any tong term extensive development

of these taxa within Virginia rivers Several of the cyanobacteria identified in Virginia rivers are

potential toxin producers One of the most common species is Microcystis aeruginosa which to

date has not produced major toxic blooms in the James York orRappahannock Rivers but has been
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associated with blooms and the toxin microcystin in several of the Virginia bays and streams

bordering the Potomac River

Status of benthic communities for fixed point monitoring stations was degraded at stations furthest

downstream in the Rappahannock River probably as a result of the low dissolved oxygen in this

region Degrading trends were detected in BIBI at the uppermost station of Lower Rappahannock
River RPPMH In 2007 results of the probabilitybased monitoring results indicate that 88 of

the total area of the tidal portion of the river is degraded Llanso et al2008

D Virginia Chesapeake Bay Mainstem

1 Water Quality

Relative status of nutrients was Good for all nutrient parametersegment combinations in the

Virginia Chesapeake Bay Mainstem except forbottom totalnitrogen in

Pocomoke Sound POCMH
and bottom dissolved inorganic nitrogen in the Lower Western Mainstem CB6PH where the status

of these parameters was Fair Figure 28 Status was of surface chlorophyll a was Fair in all

segments but the Lower Mainstem CB8PH and Pocomoke Sound POCMH where it was Good

and Poor respectively Status of surface and bottom total suspended solids was Good in most

segments except in the Lower Eastern Mainstem CB7PH were status of bottom total suspended

solids was Fair and in Pocomoke Sound where status of surface and bottom suspended solids was
Poor and Fair respectively Status of Secehi depth was Fair or Poor in all segments while status of

bottom dissolve oxygen was Good in all segments except the Lower Western Mainstem where it was
Fair Figure 29

Improving trends in surface andor bottom total nitrogen where detected during the postmethod

change period in all segments of the Virginia Chesapeake Bay Mainstem except the Lower

Mainstem CB8PH Degrading postmethod change trends in surface and bottom total dissolved

inorganic nitrogen were detected in the Lower Mainstem CB8PH while improving postmethod

change trends in surface and bottom dissolved inorganic nitrogen were detected in Pocomoke Sound

POCMH Improving postmethod change or longterm trends in surface andor bottom total

phosphorus were detected in all segments There were no trends in surface dissolved inorganic

phosphorus except for a postmethod change improving trend in bottom dissolved organic

phosphorus in Pocomoke Sound POCMH Figure 28 There were no significant trends in surface

chlorophyll a in any segments Improving trends in both surface and bottom total suspended solids

were detected in the Piankatank River PIAMH the Lower Western Mainstem CB6PH and

Pocomnoke Sound POCMH while degrading trends in these two parameters were detected in the

Lower Eastern Mainstem CB7PH Decreasing trends in both surface and bottom salinity were

detected in all segments of the Virginia Chesapeake Bay Mainstem Figure 29

SAV habitat requirements for nutrients surface
chlorophyll a surface total suspended solids and

Secchi depth were met in all applicable segments except in the Piankatank River where Secchi depth

was borderline and in Pocomoke Sound where surface total suspended solids was borderline and

Secchi depth failed to meet the criterion Figure 30 Relative status for all nutrients was Good for
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most segments except in

Pocomoke Sound POCMH where the status of surface total nitrogen was

Fair Status was Fair in most segments for chlorophyll a and Good in most segments for surface

total suspended solids Status of Secchi depth was Poor in all but two segments where it was Fair

Figure 30 Improving postmethod change trends in surface total nitrogen were detected in all

segments except the Lower Mainstem CB8PH Improving longterm or postmethod change trends

in surface total phosphorus were detected in all segments except the Piankatank River PIAMH
An improving trend in surface total suspended solids was detected in the Piankatank River PIAMH

while degrading trends in Secchi depth were detected in all segments Figure 30

2 Living Resources

Status ofphytoplankton communities in the Virginia Chesapeake Bay Mainstem based on the PIBI

was Fair at stations C136 1 CB64 in the Lower Western Mainstem CB6PH and CB73E in the

Lower Eastern Mainstem CB7PH and FairGood at station CB74 in the Lower Mainstem

CB8PH Figure 31 There were no significant trends detected in the PIBI Improving trends were

detected in the biomass to abundance ratio at all stations except CB61 and in picoplankton

abundance at stations CB61 and CB64 in the Lower Western Mainstem CB6PH Degrading

trends were detected in the Margalef diversity index primary productivity
and dinoflagellate

abundance at stations CB64 in the Lower Western Mainstem CB6PH and station CB74 in the

Lower Mainstein CB8PH Degrading trends in cyanophyte biomass at all stations as well as

degrading trends in dinoflagellate biomass at two stations Figure 31 raises concern about blooms

of potentially
harmful taxa in the lower Bay ecosystem Both of these groups represent less

favorable taxa relative to the health status of the Bay Current monitoring has to date identified a

total of 37 potentially harmful species within the Chesapeake Bay and its tidal tributaries Marshall

et al2005a 2005b 2008

Status in benthic communities at the fixed point stations was severely degraded at station CB54

marginal at station CB6land Good at all remaining stations in the Virginia Chesapeake Bay

Mainstem Figure 32 Probabilitybased benthic monitoring results for 2007 indicated that 32 of

the total area of the Virginia Chesapeake Bay Mainstem was impaired Llans6 et al2008

3 Management Issues

Nutrient conditions in

the Virginia Chesapeake Bay Mainstem appear to be Good both with respect

to relative status and with respect to SAV habitat requirements and also to be improving as

evidenced by the decreasing trends in both total nitrogen and total phosphorus observed in all

segments Although relative status of total suspended solids was typically only Fair or Poor

improving trends in this parameter were observed in several segments and the SAV criterion for this

parameter was met in most segments However water clarity as measured using Secchi depth

appears to be an important water quality problem in the Mainstem as relative status was only Poor

or Fair in this region and degrading trends in the parameter were detected in all segments

With respect to living resources the Virginia Chesapeake Bay Mainstem was the least impacted of

Virginias tidal water regions Phytoplankton community status as measured phytoplankton PIBI
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was FairGood at all stations However there are some indications that phytoplankton communities

may be degrading as indicated b
y the increasing trends in productivity decreasing trends in species

diversity and increasing trends in cyanobacteria and dinoflagellate biomass found at several stations

With respect to the benthos the BIBI met the restoration goal at most stations and only 32 of the

total area of Virginia Chesapeake Bay Mainstem was classified as impaired No trends were

observed for the BIBI Good water quality and living resource conditions coupled with the

improving trends in both water quality and living resources observed suggest that reductions in both

point and nonpoint source loadings that have occurred over the last twenty years may have resulted

in improvements within the Mainstem

V Literature Cited

Alden RW III RS Birdsong DM Dauer HG Marshall and RM Ewing 1992a Virginia

Chesapeake Bay water quality and living resources monitoring programs Comprehensive

technical report 19851989 Applied Marine Research Laboratory Technical Report No
848 Norfolk VA Final Report to the Virginia State Water Control Board Richmond

Virginia pp 366

Alden RW III DM Dauer JA Ranasinghe LC Scott and RJ Llanso 2002 Statistical

verification of the Chesapeake Bay Benthic Index of Biotic Integrity Environrnetrics13

473 498

Alden RW Ill RM Ewing SW Sokolowski JC Seibel 1991 Longterm trends

in water

quality
of the Lower Chesapeake Bay p 502522 In New Perspectives in the Chesapeake

System A Research and Management Partnership Proceedings of a Conference

Chesapeake Research Consortium Publication No 137 Solomons MD pp 780

Alden RW III SS Weisberg JA Ranasinghe and DM Dauer 1997 Optimizing temporal

sampling strategies for benthic environmental monitoring programs Marine Pollution

Bulletin 34 913922

Batiuk RA RJ Orth KA Moore WC Dennison JC Stevenson LW Stayer V Carter NB
Rybicki RE Hickman S Kollar S Beiber and P Heasly 1992 Chesapeake Bay

Submerged Aquatic Vegetation Habitat Requirements and Restoration Targets A Technical

Synthesis CBPTRS8392 US Environmental Protection Agency Chesapeake Bay Program

Annapolis MD pp 186

Batiuk RA P Bergstrom M Kemp E Koch L Murray JC Stevenson R Bartleson V Carter

NB Rybicki JM Landwehr C Gallegos L Karrh M Naylor D Wilcox KA Moore
S Ailstock and M Teichberg 2000 Chesapeake Bay Submerged Aquatic Vegetation

Habitat Requirements and Restoration Targets A Second Technical Synthesis US

Environmental Protection Agency Chesapeake Bay Program pp 217

17



Buchanan C R Lacouture HG Marshall M Olson and J Johnson 2005 Phytoplankton

reference communities for Chesapeake Bay and its tidal tributaries Estuaries281138159
Carpenter KE and MF Lane 1998 Zooplankton Status and Trends in the Virginia Tributaries

and Chesapeake Bay 19851996 AMRL Technical Report No 3064 Final Report to the

Virginia Department of Environmental Quality Richmond Virginia Applied Marine

Research Laboratory Norfolk VA pp 28

Dauer DM 1993 Biological criteria environmental health and estuarine macrobenthic community

structure Marine Pollution Bulletin 26 249257

Dauer DM 1997 Virginia Chesapeake Bay Monitoring Program Benthic Communities Report

19851996 Final Report to the Virginia Department of Environmental Quality pp 92

Dauer DM M F Lane HG Marshall and KE Carpenter 1998a Status and trends in water

quality
and living resources in the Virginia Chesapeake Bay 19851997 Final report to the

Virginia Department of Environmental Quality pp 86

Dauer DM HG Marshall KE Carpenter MF Lane RW Alden III KK Nesius and LW

Haas 1998b Virginia Chesapeake Bay Water Quality and Living Resources Monitoring

Programs Executive Report 19851996 Final Report to the Virginia Department of

Environmental Quality Richmond Virginia Applied Marine Research Laboratory Norfolk

VA pp 28

Dauer DM HG Marshall JR Donat MFLane SCDoughtenPL Morton and FA Hoffman

2005a Status and trends in water quality
and living resources in the Virginia Chesapeake

Bay James River 19852004Final Report to the Virginia Department of Environmental

Quality Richmond Virginia Applied Marine Research Laboratory Norfolk VA pp 73

Dauer DM HG Marshall JR Donat MFLane SCDoughten PL Morton and FA Hoffman

2005b Status and trends in water quality
and living resources in the Virginia Chesapeake

Bay York River 19852004Final Report to the Virginia Department of Environmental

Quality Richmond Virginia Applied Marine Research Laboratory Norfolk VA pp 63

Dauer DM HG Marshall JR Donat MFLane SCDoughten PL Morton and FA Hoffman

2005c Status and trends in water quality
and living resources in the Virginia Chesapeake

Bay Rappahannock River 19852004 Final Report to the Virginia Department of

Environmental Quality Richmond Virginia Applied Marine Research Laboratory Norfolk

VA pp 66

18



Dauer DM HG Marshall JR Donat MFLane SCDoughten and FA Hoffman 2007 An

update of current status and trends in water quality and living resources in the Virginia

tributaries 1985 to 2005 Final Report to the Virginia Department ofEnvironmental Quality

Richmond Virginia Applied Marine Research Laboratory Norfolk VA pp 52

Dellapenna TM SA Kuehl and L C Schaffner 1998 Seabed mixing and particle residence

times in biologically and
physically dominated estuarine systems a comparison of lower

Chesapeake Bay and the York River subestuaiy Estuarine and Coastal Shelf Science

46777795

Dellapenna TM SA Kuehl LC Schaffner 2003 Ephemeral deposition seabed mixing and

finescale strata formation in the York River estuary Chesapeake Bay Estuarine and

Coastal ShelfScience 58621643

Gilbert RO 1987 Statistical methods for environmental pollution monitoring Van Nostrand

Reinhold Co New York pp 320

Lane MF RW Alden 111 and AW Messing 1998 Water Quality Status and Trends in the

Virginia Tributaries and Chesapeake Bay 19851996 AMRL Technical Report No 3067
Final Report to the Virginia Department of Environmental Quality Richmond Virginia

Applied Marine Research Laboratory Norfolk VA pp 116

Langland MJ JP Raffensperger DL Moyer JM Landwehr and GE Schwarz 2006 Changes
in streamflow and water quality in selected nontidal basins in the Chesapeake US
Geological Survey Scientific Investigations Report 20065178 75 p plus appendixes on
CD

Llansb RJ J Dew and LC Scott 2007 Chesapeake Bay Water Quality Monitoring Program
Longterm Benthic Monitoring and Assessment Component Level I Comprehensive Report

July 1984December 2006 Volume 1 Final Report to the Maryland Department of Natural

Resources Annapolis MD Versar Inc Columbia MD pp 100

Llansb RJ J DewBaxter and LC Scott 2008 Chesapeake Bay Water Quality Monitoring

Program Longterm Benthic Monitoring and Assessment Component Level 1

Comprehensive Report July 1984December 2007 Volume 1 Final Report to the Maryland
Department of Natural Resources Annapolis MD Versar Inc Columbia MD pp 88

Llansb RJ J Volstad and D M Dauer 2005 2006 303d Assessment methods for Chesapeake

Bay benthos Final Report to the Virginia Department ofEnvironmental Quality Chesapeake

Bay Program pp 32

Marshall HG 1994 Chesapeake Bay phytoplankton I Composition Proceedings of the

Biological Society of Washington 107573585

19



Marshall HG 1996 Toxin producing phytoplankton in Chesapeake Bay Virginia Journal of

Science 472937

Marshall HG and L Burchardt 1998 Phytoplankton composition within the tidal freshwater

region of the James River Virginia Proceedings ofthe Biological Society of Washington

111720730

Marshall HG and L Burchardt 2003 Characteristic seasonal phytoplankton relationships in tidal

freshwateroligohaline regions of two Virginia USA rivers In Algae and the Biological

State of Water Acta Botanica Warmiae et Masuriae37178

Marshall HG and L Burchardt 2004a Monitoring phytoplankton populations and water quality

parameters in

estuarine rivers of Chesapeake Bay USA Oceanological and

Hydrobiological
Studies 335564

Marshall HG and L Burchardt 2004b Phytoplankton composition within the tidal

freshwateroligohaline
regions

of the Rappahannock and Pamunkey Rivers in Viginia Castanea

69272283

Marshall HG and L Burchardt 2005 Phytoplankton development within tidal freshwater regions

of two Virginia rivers USA Virginia Journal of Science 566781

Marshall HG L Burchardt and R Lacouture 2005a A review of phytoplankton composition

within Chesapeake Bay and its tidal estuaries Journal of Plankton Research 2710831102

Marshall HG TA Egerton L Burchardt S Cerbin and M Kokocinski 2005b Long term

monitoring results of harmful algal populations in Chesapeake Bay and its major tributaries

in Virginia USA Oceanological and Hydrobiological
Studies 34suppl 33541

Marshall HG R Lacouture C Buchanan and J Johnson 2006 Phytoplankton assemblages

associated with water quality
and salinity regions in Chesapeake Bay USA Estuarine

Coastal and Shelf Science 691018

Marshall HG MF Lane K Nesius and L Burchardt 2008 Assessment and significance
of

phytoplankton species composition within Chesapeake Bay and Virginia tributaries through

a longterm monitoring program Environment Monitoring and Assessment In Press

Officer CBRB Biggs JL Taft LE Cronin MA Tyler and WR Boynton 1984 Chesapeake

Bay anoxia Origin development and significance Science 2232227

Orth RJ and KA Moore 1984 Distribution and Abundance of Submerged Aquatic Vegetation

in Chesapeake Bay An historical perspective Estuaries 7531540

20



Ranasinghe JA SB Weisberg DM Dauer LC Schaffner RJ Diaz and JB Frithsen 1994

Chesapeake Bay benthic community restoration goals Report for the US Environmental

Protection Agency Chesapeake Bay Office and the Maryland Department of Natural

Resources pp 49

USEPA 1982 Chesapeake Bay Program Technical Studies A Synthesis US Environmental

Protection Administration Washington DC Pub No 903R821 00 pp 635

USEPA 1983 Chesapeake Bay Program Findings and Recommendations US Environmental

Protection Agency Region 3 Philadelphia PA Publ No903R83 100 pp 48

Weisberg SB JA Ranasinghe DM Dauer LC Schaffner RJ Diaz and JB Frithsen 1997
An estuarine benthic index of biotic integrity BIBI for Chesapeake Bay Estualries 20
149158

21



Tables



Table 1 Definitions of seasonal time periods for status and trend analyses conducted for of

the tidal monitoring programs A x indicates the analysis was conducted for the

season and parameter group combination while a indicates that no analysis was

conducted Benthic status and trend analyses were conducted on data collected from

July 15 through September 30

Water Quality Plankton Benthos

SAV

Season Definition Status Trend Goals Status Trend Status Trend

Annual Entire year

SAVI
March through May and

September through November

SAV2 April through October

x

x

x

x

x x

x

x

x

x

x

x

x

Summerl June through September

Sununer2 July through September

x

x

x

x

x

x

x

x x

Springl March through May

Spring2 April through June

Fall October through December

Winter January and February

x

xxx

x

x

x

x

x

X

x

x

x

X

Table 2 Habitat requirements for growth and survival of SAV from Batiuk et al 1992

2000

SAV

Growth Secclri

Total

Suspended Chlorophyll a

Dissolved

Inorganic

Dissolved

Inorganic

Salinity Regime Season Depth in Solids mg1 rgl Nitrogen mg1 Phosphorus mg1

Tidal Freshwater AprOct <2 <15 <15 none <002

Oligohaline Apr Oct <2 <15 <15 none <002

Mesohaline AprOct <15 <15 <15 <015 <001

Polyhaline
MarMay
SepNov

<15 <15 <15 <015 <001
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Table 4 Nutrient and Sediment A Nonpoint Source Loadings B Point Source Loadings and

C Total Loadings for Virginia
tributaries for 2007 modified from data retrieved

from the Chesapeake Bay Program Model Output Database

wwwchesapeakebaynetdatamodelingaspx Nitrogen and phosphorous loads are

in pounds per year while sediment loads are tons per year Percent changes compare

2007 Progress Run values to the 1985 Model Assessment Run values All loads

presented are model estimates of discharged or end of stream loads

A Non point Sources

2007 2007 2007

Nitrogen Phosphorus
Sediment

in Location Loads lbsl r Change Loads lbs r Change Loads tons r Chan e

James AFL 21909750 12 2585439 14 594541 20

BFL 11314454 6 1378232 16 128133 8

York AFL 5000624 16 478857 12 214494 19

BFL 4274430 22 341848 30 70422

758

28

20

Rappahannock AFL 5623898 17 550832 18 92BFL3667689 28 280919 38 123698 36

B Point Sources

Basin

2007

Nitrogen

Location Loads 1bsl r Change

2007

Phosphorus

Loads lbsl r Change

James

York

Rappahannock

AFL 1844996

BFL 13938953

AFL 125643

BFL 1338599

AFL 272467

BFL 310684

25

38

51

71

43

11

329856

931268

33591

117455

28341

25 359

34

74

31

54

60
79

C Total

2007 2007 2007

Nitrogen Phosphorus Sediment

i Location Loads lbs r Change Loads lbs r Change Loads tonsyr Change
nBas

541594 20
James AFL 23754745 13 2915295 17

BFL 25253407 27 2309500 56 128133 8

York AFL 5126267 15 512448 10 214494 19

BFL 5613029 10 459301 38 70422 28

20

Rappahannock AFL 5896364 16 579173 22 92758BFL3978374 27 306278 47 123698 36
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Table 5 Longterm trends in nutrients and total suspended solids at Chesapeake Bay River

Input Monitoring Program stations located at or near the fallline for each of the

major Virginia tributaries for the period of 1984 through 2007 Results provided and

modified from US Geological Survey

Station Station Name Parameter

Flow

Adjusted

T Statistic

Flow

Adjusted

P value Change Direction

02035000 James River at Cartersville TN 02598 <00001 229 Improving

02035000 James River at Cartersville DNO23 04302 <00001 35 Improving

02035000 James River at Cartersville TP 09081 <00001 597 Improving

02035000 James River at Cartersville DIP 17364 <00001 824 Improving
02035000 James River at Cartersville TSS 02607 00306 229 Improving
02041650 Appomattox River at Matoaca TN 00087 08626 09 No Trend

02041650 Appomattox River at Matoaca DN023 02008 00968 182 No Trend

02041650 Appomattox River a
t Matoaca TP 02048 00123 227 No Trend

02041650 Appomattox River at Matoaca DIP 0215 00309 193 No Trend

02041650 Appomattox River at Matoaca TSS 0067 04592 65 No Trend

01673000 Pamunkey River near Hanover TN 01451 00017 156 Degrading

01673000 Pamunkey River near Hanover DN023 0393 <00001 481 Degrading

01673000 Pamunkey River near Hanover TP 07053 <0000I 1024 Degrading

01673000 Pamunkey River near Hanover DIP 07139 <0000I 1042 Degrading
01673000 Pammnkey River near Hanover TSS 04929 00004 637 Degrading

01674500 Mattaponi River near Beulahville TN 00589 01542 57 No Trend

01674500 Mattaponi River near Beulahville DN023 00859 0366 9 No Trend

01674500 Mattaponi River near Beulahville TP 01455 00263 135 Improving
01674500 Mattaponi River near Beulahville DIP 03636 <00001 305 Improving

01674500 Mattaponi River near Beulahville TSS 00485 06751 47 No Trend

01668000 Rappahannock River near Fredericksburg TN 01609 00221 149 Improving

01668000 Rappahannock River near Fredericksburg DNO23 02941 00281 255 Improving
01668000 Rappahannock River near Fredericksburg TP 03366 00021 286 Improving

01668000 Rappahannock River near Fredericksburg DIP 01914 00575 174 No Trend

01668000 Rappahannock River near Fredericksburg TSS 03082 00679 265 No Trend
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2V VJ EO W MOVETERS

I Station 01668000 Rappahannock River near Fredericksburg

2 Station 01674500 Mattaponi River near Beulahville

3 Station 01673000 Pamunkey River new Hanover

4 Station 02035000 James River at Cartersville

5 Station 02041650 Appomattox River

6 Station 02042500 Cliickahominy River

Figure 1 Locations of the USGSDEQ River Input Monitoring stations in each of the Virginia

tributaries
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Figure 2 Map showing the locations ofthe water quality monitoring stations in the Virginia

tributaries and the Lower Chesapeake Bay main stein used in the statistical

analyses Also shown are ellipses that delineate the Chesapeake Bay Program

segmentation scheme
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Figure 3 Location of living resource monitoring stations in the Virginia tributaries and the

Lower Chesapeake Bay main stem
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A James River Above the FallLine
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Figure 4 Longterm changes in point source total nitrogen loadings A Above the Fallline

and B Below the Fallline in the James River for 1985 through 2006 Loadings

presented are from data reported to the Virginia Department of Environmental

Quality directly from point source dischargers
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A James River Above the FallLine
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Figure 5 Longterm changes in point source total phosphorus loadings A Above theFalllineand B Below the Fallline in the James River for 1985 through 2006

Loadings presented are from data reported to the Virginia Department of

Environmental Quality directly from point source dischargers
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Status 2005 through 2007 Trends 1955 >brougb 2007

Q Increasing Tmpfoidns

Increasing Degrading

O toad
DecreafingImproving

s
s pair DecreasingD8ran0

Poor

NS Net aignMeant

Tread Signififtnt for

PrcMethod Change Period

Toad significant
Cor

PostMethod Change Period

Parameter Appomattox

Upper

James 2
Upper

James I Chickahoniiny

Middle

James

Lower

James

River

Mouth

STN Q xS O 0 V 0 V O Ns 0 NS 0 Ns

BTN 0 NS 0 VA 0 V O V O NS O NS Q NS

SDIN 0 NS O 0 NS O NS 0 V D Ns O A

BDIN 0 i5 0 V 0 NS O NS O NS Q RS O NS
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BTP 0 Ii5 O V 0 AV 0 ® 0 e 0 ins 0 NS

SdJir 0 V O V O NS 0 V 0 NS A NS

BAP Q=G a O r7 O V ® Ns 0 rs

Figure 6 Map of the James River basin showing summaries of the status and trend analyses

for each segment for the period of 1985 through 2007 Abbreviations for each

parameter are TN=total nitrogen DIN=dissolved inorganic nitrogen TP=total

phosphorus DIP=dissolved inorganic phosphorus The prefixes S and B refer to

surfaceand bottom measurements respectively The presence of two trend symbols

indicates a significant difference between pre and postmethod change trends For

such cases the first symbol represents the premethod change result while the

second symbol is the post method change result
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Status 2005 through 2007 Trends 1955 through 2007

A Increasing Degrading

Q Good Q Increasing improving

Fair
D Decreasing Improving

® Decreasing Degrading
Poor

Ns Not significant Unchanged

Season specific trend

t Increasing

1 Decreasing

Parameter Appomattox

Upper

James 2

upper

James 1 Chickahominy

Middle

James

Lower

James

River

Mouth

SCHLA NS 9 Q NS Q NS `
STSS Ns O NS Q NS NS NS Ns Q NS

BI`SS Q NS O ` Q Ns NS NS A Q NS

SFCCHI Ns Q 7 Q V p _ NS Ns V
BDO 0 A 0 Ns 0 NS Q NS Q NS 0 Ns Q A
SSALIN NS NS NS NS NS NS

I3SALIN NS Ns Ns Ns NS NS J

SWTBMP fi NS NS is Ns NS NS

BWTEMP NS NS NS NS NS NS t

Figure 7 Map of the James River basin showing summaries ofthe status and trend analyses

for each segment for the period of 1985 through 2007 Abbreviations for each

parameter are CHLA=chloroplryll a TSS=total suspended solids SECCHI=secchi

depth DOdissolved oxygen WTEMP=water temperature SALIN=salinity The

prefixes S and B refer to surface and bottom measurements respectively
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SAV Growing Season Status

2005 through 2007

SAN Growing Season

Trends 1985 through 2007

O Good TrendsIncreaslagImproving

Fair A Tr nds IncreasIng Degrading

® Poor Q Decreasing Improving

SAY Hahitat Requirement T Trends Decreasing Degrading

2005 through 2007

pass

NS Not signhficant

Trend Significant
for

Aordetline
u PreMethod Change Period

Fail

Trend Significant
for

PostMethod Change Period

Upper Upper
Middle Lower River

Parameter Appomattox James 2 James 1 Chickahomin James James Mouth

STN O NS ®d •7 0 NO 0 NS 0 NS Q Is

9D1N O NS Q Ns O •<V O A O J NS Ns

A
STP O NS O V 0 NS 0 NS O Ns p •
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STSS _ 45 ® r NS fl NS NS _ NS t NS Q NS

T
SECCllr T O T o T Ns

NS 0
s

NS 0 Q
13DO O NS Q 1S 0 NS O NS O

Figure 8 Map of the James River basin showing summaries of the status and trena analyses

for each segment for the period of 1985 through 2007 for the SAV growing season

Abbreviations for each parameter are TN total nitrogen SDIN=dissolved

inorganic nitrogen TP=total phosphorus
DIP=dissolved inorganic phosphorus

CHLA=chlorophyll a TSS=total suspended solids SECCHI=Secchi depth

DO=dissolved oxygen The prefixes
S and B refer to surfaceand bottom

measurements respectively The presence of two trend symbols indicates a

significant difference between pre and postmethod change trends Forsuch cases

the first symbol represents the premethod change result while the second symbol

is the post method change result
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Status 2005 through 2007 Trends 1985 through 2007

Increasing Degrading

0 Good A increasing improving

Pair Q Decreasingtmproving

® Poor DecreastngBcgrading

NS Not significant

u
Trend Significant for

PreMethod Change Period

n
Trend Significant for

PostMethod Change Period

Parameter

Western
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Southern
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Branch

Elizabeth

River

Mainstem
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River
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BTN © NS NS 0 0 Q ns

SDiN O Ns V V rs 0 Ns

BDIN O NS p V V 0 Ns

STP Ns 0 V NS MS

BTP NS 4 V ® Q MS NS

SDIP NS V Ns Ns Q NS

BIIP Q NS V V Ns Q Ns

Figure 9 Map of the Elizabeth River basin showing summaries of the status and

trend analyses for each
segment for the period of 1989 through 2007

Abbreviations for each parameter are TN total nitrogen DIN=dissolved

inorganic nitrogen TP=total phosphorus DIP= dissolved inorganic

phosphorus The prefixes S and B refer to surface and bottom

measurements respectively
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Figure
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Map of the Elizabeth River basin showing summaries of the status and

trend analyses for each segment for the period
of 1985 through 2007

Abbreviations for each parameter
are CHLA=chlorophyll a TSS=total

suspended solids SECCHI=Seechi depth DO=dissolved oxygen

WTEMP=water temperature
SALINsalinity The prefixes

S and B refer

to surface and bottom measurements respectively

Q
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T Increasing
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SAV Gruiriag Seam Status SAV Growing Season

2905 iLroegh 2007 Trcm 1985 auoagh 2007

O Good A Trends lnermingfmpmting
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Trend Significant for
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Figure 11 Map of the Elizabeth River basin showing summaries of the status

and trend analyses for each
segment for the period of 1985 through

2007 for the SAV growing season Abbreviations for each

parameter are TN=total nitrogen SDIN=dissolved inorganic

nitrogen TP=total phosphorus DIP=dissolved inorganic

phosphorus CHLAchlorophyll a TSS=total suspended solids

SECCHI=Secchi depth DO=dissolved oxygen The prefixes S and

B refer to surfaceand bottom measurements respectively The

presence of two trend symbols indicates a significant difference

between pre and postmethod change trends For such cases the

first symbol represents the premethod change result while the

second symbol is the post method change result
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Figure 12 Map of the James River basin showing summaries of the status and trend analyses

for the Phytoplankton Index of Biotic Integrity PIBI and trend analyses of other

phytoplankton
bioindicators for each segment for the period

of 1985 through 2007

Note that analytical results for the PIBI are through 2006 due to data availability
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Status 2005 through 2007 Trends 1985 through 2007
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Figure 13 Map of the James River basin showing summaries of the status and trend analyses

for Benthic Index ofBiotic Integrity BIBI and associated benthic bioindicators

for each segment for the period of 1985 through 2007
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A York River Above the FallLine
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Figure 14 Longterm changes in point source total nitrogen loadings in the York

River AAbove the FallLine and B Below the Fallline for 1985 through

2006 Loadings presented
are from data reported

to the Virginia

Department
of Environmental Quality directly from point source

dischargers
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A York River Above the FallLine
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Figure 15 Longtern changes in point source total phosphorus loadings in the A
Above the FallLine B Below the Fallline for 1985 through 2006

Loadings presented are from data reported to the Virginia Department of

Environmental Quality directly from point source dischargers
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Status 2005 through 2007 bends 1985 through 2007
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Map of the York River basin showing summaries of the status and trend

analyses
for each segment for the period of 1985 to 2007 Abbreviations for

each parameter
are TN=total nitrogen

DINT=dissolved inorganic nitrogen

TP total phosphorus
DIP=dissolved inorganic phosphorus

The prefixes
S

and B refer to surfaceand bottom measurements respectively
The presence

of two trend symbols
indicates a significant

difference between pre and

postmethod change trends For such cases the first symbol represents the

premethod change result while the second symbol is the post method change

result
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Figure 17 Map of the York River basin showing summaries of the status

and trend analyses for each segment for the period of 1985 to

2007 Abbreviations for each
parameter are

CHLA=chlorophyll a TSS=total suspended solids

SECCHI=secchi depth DO=dissolved oxygen WTEMP=water

temperature SALIN=salinity The prefixes S and B refer to

surface and bottom measurements respectively
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Figure 18 Map of the York River basin showing summaries of the status and

trend analyses for each segment
for the period of 1985 through 2007

for the SAV growing season Abbreviations for each parameter
are

TNtotal nitrogen
SDIN=dissolved inorganic nitrogen

TPaphosphorusDIP=dissolved inorganic phosphorus

CHLA=chlorophyll a TSS=total suspended solids

SBCCHI=Secchi depth DO=dissolved oxygen The prefixes
S and

B refer to surfaceand bottom measurements respectively
The

presence
of two trend symbols indicates a significant

difference

between pre and postmethod change
trends For such cases the

first symbol represents
the premethod change result while the

second symbol is the post method change
result
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Status and trend results present for the Phytoptankion I13I were through 2006 due to data
avallabllity

Figure 19 Map of the York River basin showing summaries of the status and trend analyses
for the Phytoplankton Index of Biotic Integrity PTB and trend analyses of other

phytoplankton bioindicators for each segment for the period of 1985 through 2007
Note that analytical results for the PIBI are through 2006 due to data availability
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Map of the York River basin showing summaries of the status and trend analyses

for Benthic Index of Biotic integrity BIBI and associated benthic bioindicators

for each segment
for the period

of 1985 through 2007
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A Rappahannock River Above the FallLine
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Figure 21 Longterm changes in point source total nitrogen loadings A Above the

Fallline and B Below the Fallline in the Rappahannock River for 1985

through 2006 Loadings presented are from data reported to the Virginia

Department of Environmental Quality directly from point source

dischargers
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Figure 22 Longterm changes in point source total phosphorus loadings A Above

the Falllilie and B Below the Fallline in the Rappahannock
River for

1985 through 2006 Loadings presented are from data reported to the

Virginia Department
ofEnvironmental Quality directly from point source

dischargers
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Status 2605 through 2007 Trends 1985 through 2007
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Parameter
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Figure 23 Map of the Rappahannock River basin showing summaries of the status and trend

analyses for each segment for the period 1985 through 2007 Abbreviations for

each parameter are TN=total nitrogen DIN=dissolved inorganic nitrogen TPrtotal

phosphorus DIP=dissolved inorganic phosphorus The prefixes S and B refer to

surfaceand bottom
measurements respectively The presence oftwo trend symbols

indicates a significant difference between pre and postmethod change trends For
such cases the first symbol represents the premethod change result while the

second symbol is the post method change result
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Map of the Rappahannock River basin showing summaries of the status and trend

analyses
for each segment for the period

1985 through 2007 Abbreviations for

each parameter are CHLA=chloroplryll a TSS=total suspended solids

SECCHI=secchi depth DOdissolved oxygen WTEMP=water temperature

SAL1N=salinity
The prefixes S and B refer to surface and bottom measurements

respectively
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SAV Growing Season Status SAV Growing Season
2005 through 2007 Rends 1985 through 2007
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Figure 25 Map of the Rappahannock River basin showing summaries of the status and trend

analyses for each segment for the period of 1985 through 2007 for the SAV
growing season Abbreviations for each parameter are TN=total nitrogen
SDIN=dissolved inorganic nitrogen TP=total phosphorus DJP=dissolved inorganic

phosphorus CHLA=chlorophyll a TSStotal suspended solids SECCHI =Secchi

depth DO=dissolved oxygen The prefixes S and B refer to surfaceand bottom

measurements respectively The presence of two trend symbols indicates a

significant d
i

fference between pre and postmethod change trends For such cases
the first symbol represents the premethod change result while the second symbol

is the post method change result
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Figure 26 Map of the Rappahannock River basin showing summaries of the status and trend

analyses for the Phytoplankton
Index of Biotic Integrity PIBI and trend analyses

of other phytoplankton bioindicators for each segment for the period of 1985

through 2007 Note that analytical
results for the PIBI are through 2006 due to

data availability
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Status 2005 through 2007 Trends 1985 through 2007
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Map of the Rappahannock River basin showing summaries of the status and trend

analyses for Benthic Index of Biotic Integrity BIBI and associated benthic

bioindicators for each segment for the period of 1985 through 2007
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Status 2005 through 2007 Trends 985 through 2007
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Figure 28 Map ofthe Virginia Chesapeake Bay Mainstem showing summaries of the

status and trend analyses for each segment for the period of 1985 through

2007 Abbreviations for each parameter are TN=total nitrogen

DIN=dissolved inorganic nitrogen TP=total phosphorus DIP dissolved

inorganic phosphorus The prefixes S and B refer to surfaceand bottom

measurements respectively The presence of two trend symbols indicates

a significant difference between pre and postmethod change trends For

such cases the first symbol represents the premethod change result while

the second symbol is the post method change result
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Status 2005 through 2007 Trends 1985 through 2007
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Fieure 29 Map of the James River basin sltowing summaries of the status and trend

analyses for each segment for the period of 1985 through 2007

Abbreviations for each parameter are CHLA=chlorophyll a TSS=total

suspended solids SECCHI=secchi depth DO=dissolved oxygen

1VTEMP=water temperature SALIN=salinity The prefixes S and B refer

to surface and bottom measurements respectively

54
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Figure 30 Map ofthe Virginia Chesapeake Bay Mainstein showing summaries of the

status and trend analyses for each segment for the period of 1985 through

2007 for the SAV growing season Abbreviations for each parameter are

TN=total nitrogen SDIN=dissolved inorganic nitrogen TP=total

phosphorus
DIP=dissolved inorganic phosphorus CHLAchlorophyll a

TSS=total suspended solids SECCHI=Secchi depth DOdissolved

oxygen The prefixes S and B refer to surfaceand bottom measurements

respectively The presence
of two trend symbols indicates a significant

difference between pre and postmethod change trends For such cases

the first symbol represents the premethod change result while the second

symbol is the post method change result
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Figure 31 Map of the Virginia Chesapeake Bay Mainstem showing summaries of the status

and trend analyses for the Phytoplankton Index ofBiotic Integrity PIBI and trend

analyses of other phytoplankton bioindicators for each segment for the period of

1985 through 2007 Note that analytical results for the PIBI are through 2006 due

to data availability

56



Status 2005 through 2007 Trends 1985 through 2007
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Map of the Virginia Chesapeake Bay Mainstem showing summaries of the status

and trend analyses for Benthic Index of Biotic Integrity BIBI and associated

benthic bioindicators for each segment for the period of 1985 through 2007
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ATTACHMENT P



TO David K Paylor

FROM Alan E Pollock

DATE July 20 2010

COPIES Ellen Gilinsky

SUBJECT CONCERNS WITH JULY 1 DRAFT NUTRIENT ALLOCATIONS

FOR THE JAMES RIVER BASIN BASED ON CHLOROPHYLL
CRITERIA

EXECUTIVE SUMMARY

Proper assessment of model output must recognize the significant spatial and temporal

variability of chlorophyll levels in contrast to the more predictable dissolved oxygen

patterns

EPA recognized this variability during the cooperative development process for the

chlorophyll criteria in 2005 and included significant modeling evaluation of alternatives to

address this issue EPA approved the Virginia criteria based upon model assessment rules

appropriate for chlorophyll attainment in contrast to the rules that were used to develop the

July 1 James River draft allocations

e Recent information from the lower tidal James River 2010 Water Quality Assessment shows

attainment or at most I nonattainment for those river segments The expected reductions

needed to meet the dissolved oxygenbased James River allocation TN = 2679 MPY TP

= 269 MPY should achieve the criteria in this portion of the river without the additional

reductions proposed by EPA

The additional reductions identified in the July 1 letter which we do not believe are justified

at this time would increase costs to the citizens of the Commonwealth upwards of $500

million

o Based on model results received from EPA in the past few days absent the imposition of the

chlorophyll issue in the James the Virginia Tributary Strategy level of reductions would

meet the draft nutrient allocations assigned to the Commonwealth

CONCERNS WITH JULY 1 DRAFT NUTRIENT ALLOCATIONS FOR JAMES RIVER

BASIN

Methodology used to Develop Draft Allocations to Meet Chlorophyll Criteria is Not

Appropriate



Chlorophyll model calibration is difficult due to its high natural variability Caution must be

taken in evaluating model results as the basis for assessing attainment and setting nutrient

allocations for compliance with chlorophyll criteria

e Concern that changes in chlorophyll on the order of 12 ugl seasonal average and 24 in

terms of nonattainment rates are smaller than those than can be precisely distinguished by

the model detected in monitoring data or concluded to have ecological significance

® The rules and procedures to assess model output need to be carefully examined to see what is

appropriate for the chlorophyll parameter in contrast to what is appropriate for dissolved

oxygen Refer to Attachment Awhich summarizesthe differences between these two

parameters regarding precision of analytical methods confidence of impairment

environmental variability etc For the Bay TMDL EPA

is using a 1 nonattainment

rule when evaluating model scenario output for judging dissolved oxygen attainment We
have not yet seen EPAs documentation to justify using the 1 nonattainment rule for

interpreting model results for dissolved oxygen However we continue to be concerned that

using the 1 nonattainment rule for modeling attainment for chlorophyll given the

significant differences in these parameters is not technically justified

As discussed in more detail below under section

II

when the chlorophyll standards were

adopted in 2005 EPA endorsed using model assessment rules different from the rules used to

establish the July 1 draft allocations Model predictions allowed up to a 4 nonattainment

rule for assessing attainability with the proposed standards for several of the criteria

Attachment B presents the results of the 2008 and 2010 Water Quality Assessments for the

chlorophyll criteria in the tidal James River The following conclusions are drawn by using

the results of the 2010 Assessment data from 2006081 and the assessment procedures

developed by EPA 2010 and being adopted into the Virginia Water Quality Standards ie
the far right column 2010 IR Geo Mean Status

1 The three lower James River segments for both spring and summer either attain standards

or are within 1 nonattainment The most recent model results as analyzed by EPA show

nonattainment in at least one season in these three segments for several 3year cycles

under the allocations based on meeting the dissolved oxygen criteria TN = 2679 MPY
TP = 269 MPY

Based on recent emails from EPA staff we understand that in developing the proper

allocations to address the chlorophyll criteria in the DC Potomac and Anacostia Rivers

EPA used additional lines of evidence not just model output and data from the 1990s

One email stated For the Potomac the current monitoring data showed the Potomac is

in attainment for Chlorophyll and the Anacostia is only 4 nonattainment That

information combined with the fact that the Potomac allocation still requires additional

load reductions beyond current loads made us conclude that these segments will attain for

chorophyll at the allocated load

It appears to us that a consistent line of evidence

2



approach should be used for the lower James River segments where most recent data

shows that they are currently either in

attainment or at 1 nonattainment

2 The 2010 Assessment shows nonattainment in both the James upper and lower Tidal

Fresh segments for both seasons especially for the summer season However for the

upper Tidal Fresh segment the model is showing attainment in both seasons for all of the

3year cycles For the lower Tidal Fresh in the spring the model shows slight 2nonattainmentFor the lower Tidal Fresh in the summer the model shows persistentnonattainment
in half of the 3year cycle periods

Given this situation we have little confidence in using the model to assess attainment in

these tidal fresh segments The main conclusion we draw is that the monitoring data are

still pointing us towards the real chlorophyll problem in the James which is the tidal fresh

sections particularly
the lower tidal fresh in the summer As discussed in section II

Virginia needs to review the summer tidal fresh criteria particularly the application of the

Harmful Algal Bloom criteria published by EPA We believe if EPA used the same model

assessment rules for the 2010 TMDL that were used in the standards adoption process in

2005 Virginia would have the opportunity to conduct the necessary review and update of

the chlorophyll criteria without unjustified allocations in the 2010 TMDL

For chlorophyll EPA is assessing model results by requiring attainment throughout the entire

10year modeling assessment period ie the criteria must be met in all eight 3year cycles

However EPA worked though a consensus process that identified one 3year cycle that

accounts for critical conditions in setting allocations for dissolved oxygen criteria They are

also doing the same for SAVlclarity criteria

We continue to be concerned that the critical condition approach used for the chlorophyll

criteria is overly conservative by requiring compliance in every assessment cycle over the

entire model simulation period especially compared to the other two water quality criteria in

the Bay In addition as noted in section II below when Virginia adopted the chlorophyll

standards in 2005 EPA endorsed using model assessment of attainability for both a ten year

average as well as looking at the rolling 3year averages

We are concerned over the lack of examination of the same problems that cause

counterintuitive model results in some segmentseasons might also be causing more

systematic less obvious problems in other segmentseasons We believe there is a need to

develop a set of objective criteria for evaluating model behavior that includes 1 a

systematic evaluation of the ability of the model to quantify changes in chlorophyll and 2
an evaluation of the causes of problematic model chlorophyll predictions and how those

causes might affect the model accuracyprecision in all of the James River segments for both

spring and summer seasons

It is doubtful that Virginia would have taken the step
of being the first to adopt numeric

chlorophyll criteria if EPA had applied the model attainability rules currently being used ie

1 nonattainment rule and requiring attainment in all 3year assessment cycles in

the

simulation period



II Need to Acknowledge the Basis for the Existing James River Chlorophyll Criteria and the

Need to ReviewUpdate those Criteria

In March 2005 the State Water Control Board adopted water quality standards to protect the

Chesapeake Bay and tidal rivers these standards included five new designated uses numeric

criteria for dissolved oxygen SAV and water clarity and a narrative chlorophyll criterion

Action on numeric chlorophyll criteria for the tidal James River was delayed to give further

consideration to public comments and to develop nutrient loading and cost alternative

analyses The Board considered the James River chlorophyll criteria at their June 2005

meeting and adopted criteria at their November 2005 meeting

Earlier in the decade EPA chose not to develop Baywide numeric chlorophyll criteria

following extensive review scientific investigation and debate within the Chesapeake Bay

Program Therefore the cooperative process between the Commonwealth and EPA to

develop the chlorophyll criteria for the James River was plowing new ground The process

resulted

in new investigation using several lines of evidence such as reference sites

information on harmful or nuisance aquatic plant life undesirable food conditions natural

characteristics of the James River and attainability of criteria under various nutrient

reductions in the basin

Much debate and controversy developed among the stakeholders during the rulemaking

process Legislation drafted by a member of the General Assembly that would require

justification of tangible benefits to the environment and the public was held in abeyance as

long as a solution agreeable to all parties was achieved Considerable work was devoted to

developing and analyzing alternatives with the EPA model to meet various proposed criteria

within the five river segments and two seasons A James River Alternatives Analysis

along with four addenda was developed and became the focus of the ongoing debate EPA

model analysis of alternatives and the model results became the center of debate throughout

this process

EPA presented model output and worked alongside DEQ and the stakeholders in evaluating

that model output for the alternatives in the following ways

o Model output was evaluated using 10 year averages of attainment over the assessment

period of 1985 to 1994

o Model output was evaluated without any rule calling for attainment throughout all

eight 3year cycle periods

o Model output was evaluated without any rule calling for less than 1 nonattainment

Based upon that partnership work DEQ staff by memo dated June 22 2005 to the State

Water Control Board in describing the results ofthe various alternatives evaluated up to that

time stated Howvever most of the nonattainment under the VATS scenario was less than

4 which staffbelieves is within the uncertainty band ofthe model

4



Seventeen alternatives were evaluated by thetime the Board adopted the criteria The final

proposal presented to the Board at their November 21 2005 meeting which EPA supported

addressed the ten segmentseason criteria as follows

o Four criteria included upward adjustments from original proposed criteria using the

rationale of attainability but still within environmentally protective ranges

o Two criteria remained unchanged showing nonattainment of34
o Four criteria remained unchanged showing attainment

DEQ submitted the adopted chlorophyll criteria and supporting documentation to EPA on

January 12 2006 noting that Each ofthese sitespecific standards was developed with EPA

Region 3 input and assistance

EPA approved these criteria b
y letter dated January 12 2006 Approving these standards the

same day is a clear indication that EPA was fully involved and aware of the basis for the

chlorophyll criteria and supported that process

Likewise EPA provided written support for a related regulatory action during that same

period when the State Water Control Board amended the Virginia Water Quality

Management Planning regulation to incorporate nutrient allocations for 125 significant

discharges including those within the James River basin to achieve the adopted chlorophyll

standards EPAs letter stated The allocations are supportive of Virginias proposed

chlorophyll a water quality criteria for the tidal James River and its tidal tributaries

Subsequent to the previously described actions EPA also approved the Chesapeake Bay

Watershed General Permit effective date of January 1 2007 that included the allocations in

the WQMP regulation

The Commonwealth clearly understands that the science is evolving regarding the use of

chlorophyll criteria in the management of nutrient enrichment of our waters We intend to

initiate a review of the criteria during our next Triennial Review to evaluate any new science

and recent monitoring data We also know that EPA has published criteria to address

harmful algae blooms in tidal fresh waters during the summer season That information will

be closely reviewed since the lower tidal fresh segment of the James continues to be an area

of concern We also believe that a full evaluation of the proper assessment tools is

warranted for both monitoring and modeling data

III Impacts to Virginia Programs

Reducing an additional 33 MPY of Nitrogen and 035 MPY of Phosphorus in the James

River basin as called for by the July 1 draft allocations is estimated to cost upwards of an

additional $500 Million beyond the cost of implementing Tributary Strategy level of

practices

Based on our experience during the criteria development process we are concerned that

EPAs July 1 letter will open up the Bay TMDL process in Virginia to legislative response

We are also concerned that the cleanup effort in the Commonwealth will be delayed due to

appeals of the TMDL over the July 1 draft allocations
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Attachment A
Comparison of Chlorovhvll vs DO

Characteristic Chlorophyll Dissolved Oxygen Implication for

Assessment and

TMDL
CriteriaParameter Biological Stressor ie Chemical Stressor ie Chlorophyll

Type Algal Biomass Oxygen Concentration assessmentTMDL less

accurate andprecise

Impairment Lower Based on Higher Based on controlled Chlorophyll

Confidence relatively difficult to laboratory studies of direct assessmentTMDL

quantify standard of impact on living organisms Impairment level less

balanced and eg observed health or accurately defined

indigenous population death of organisms

Criteria Evolution Newer EPA publications No Change Since 2005 Chlorophyll criteria

since 2005 science still should be revised

developing

Criteria Metric Seasonal geometric mean 30 day 7day 1day Chlorophyll

averages instantaneous assessmentTMDL less

precise Due to longer

avera in period

Parameter Analysis Multistep Laboratory Electronic field meter Chlorophyll

Method analysis assessmentTMDL data

less accurate and precise

Data Model is using data Methods are high quality Chlorophyll TMDL data

QuantityQuality collected in 1990s have not changed since less accurate andprecise

Trends collection and analysis beginning in 1985

methods have changed

since that time

Analytical Method Higher 16 median Lower 07 ratio of Chlorophyll assessment

Variability relative percent precision Standard less accurate andprecise

difference between intraMethods 20 edition to

laboratory splits in James mean measured summer

River during 1990s DO during 1990s

Environmental Higher 1165 ± 140 Lower 155 ± 09 Chlorophyll assessment

Variability 1 spring 1223 f 93 summer less accurate andprecise

summer
Model Calibration Lower Accuracy Higher Accuracy Chlorophyll TMDL model

predictions less accurate

Model Prediction Lower Accuracy Higher Accuracy Chlorophyll TMDL model

Ability predictions less accurate

1 Average and range of coefficient of variation for four 3year assessment periods from1990 to

1998

6
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To Principal Staff Committee Members and Representatives

of Chesapeake Bay Headwater States

From W Tayloe Murphy Jr Chair

Chesapeake Bay Program Principals Staff Committee

Subject Summary of Decisions Regarding Nutrient and Sediment Load Allocations

and New Submerged Aquatic Vegetation SAV Restoration Goals

For the past twenty years the Chesapeake Bay partners
have been committed to achieving and

maintaining water quality conditions necessary to support living resources throughout the Chesapeake

Bay ecosystem In the past month Chesapeake Bay Program partners Maryland Virginia

Pennsylvania the District of Columbia the Environmental Protection Agency and the Chesapeake Bay

Commission have expanded our efforts by working with the headwater states of Delaware West

Virginia
and New York to adopt new cap load allocations for nitrogen phosphorus and sediment

Using the best scientific information available Bay Program partners have agreed to allocations that are

intended to meet the needs of the plants and animals that call the Chesapeake home The allocations

will serve as a basis for each states tributary strategies that when completed b
y April2004 will

describe local implementation actions necessary
to meet the Chesapeake 2000 nutrient and sediment

loading goals b
y 2010

This memorandum summarizes the important comprehensive agreements made

b
y Bay watershed

partners
with regard to cap load allocations for nitrogen phosphorus and sediments as well as new

baywide and local SAV restoration goals

Nutrient Allocations

Excessive nutrients in the Chesapeake Bay and its tidal tributaries promote undesirable algal growth

and thereby prohibit light from reaching underwater bay grasses submerged aquatic vegetation or

SAV and depress the dissolved oxygen levels of the deeper waters of the Bay

As a result Bay watershed states and the District of Columbia with the concurrence of EPA agreed to

cap annual nitrogen loads delivered to the Bays tidal waters at 175 millionpounds and annual

phosphorus loads at 128 million pounds It is

estimated that these allocations will require a reduction

from 2000 levels of nitrogen pollution by 110 million pounds and phosphorus pollution b
y 63 million

pounds annually

The partners agreed upon these load reductions based upon Bay Water Quality Model projections
of



attainment of proposed water quality criteria for dissolved oxygen The model projects these load

reductions will eliminate the persistent summer anoxic conditions in the deep bottom waters of the Bay

Furthermore these reductions are projected to eliminate excessive algae conditions measured as

chlorophyll a throughout the Bay and its tidal tributaries

The jurisdictions agreed to distribute the baywide cap load for nitrogen and phosphorus by major

tributary basin Table 1 and
jurisdiction Table 2 This distribution of responsibility for load reductions

was based on three basic principles

1 Tributary basins with the highest impact on Bay water quality would have the highest

reductions of nutrients

2 States without tidal waters Pennsylvania New York and West Virginia would be

provided some relief from Principle 1 since they do not benefit as directly from

improved water quality in the Bay and its tidal tributaries

3 Previous nutrient reductions would be credited towards achievement of the cap load

allocations

The nine major tributary basins were separated into three categories based upon their impact on water

quality in the Bay Each basin within a category was assigned the same percent reduction of

anthropogenic load Basins with the highest impact on tidal water quality were assigned the highest

percentage reduction of anthropogenic load

After applying the above calculations and Principle 2 New York Pennsylvania and West Virginia

allocations were set at Tier 3 nutrient load levels Additionally allocations for Virginias York and

James River basins were set at previously established tributary strategy nutrient cap load levels since

each basin has minimal impact on mainstem Bay water quality conditions and their influence on tidal

water quality is predominantly local

These rules resulted in shortfalls to the baywide cap load allocation of 12 millionpounds of nitrogen and

1 millionpounds of phosphorus EPA committed to
pursue

the Clear Skies initiative which is estimated

to reduce the nitrogen load to Bay tidal waters b
y 8 millionpounds per year Bay watershed states

agreed to take responsibility for the remaining 4 million pounds of nitrogen and I millionpounds of

phosphorus The nutrient cap load allocations in tables 1 and 2 reflect these agreements

The allocations for nitrogen and phosphorus were adopted with the concept of nitrogen equivalents

and a commitment to explore how actions beyond traditional best management practices might help

meet Bay restoration goals A nitrogen equivalent is an action that results in the same water quality

benefit as removing nitrogen The Chesapeake Bay Program will evaluate

how to account for tidal water quality benefits from continued and expanded living resource restoration

such as oysters and menhaden to offset the reductions of watershed based nutrient and sediment loads

Seasonal fluctuations for biological nutrient removal implementation nutrient reduction benefits from

shoreline erosion reductions implementation of enhanced nutrient removal at large wastewater

treatment plants and tradeoffs between nitrogen and phosphorus will also be evaluated



Baywide SA VRestoration Goal

To set new SAV restoration goals scientists and resource managers from state and federal agencies

agreed to use data from the single best year of observed SAV growth to estimate the historicallongterm
bay grass coverage in Chesapeake Bay Data were collected from aerial photographs taken

between 1938 and 2000 From 34
years in

the 1938 1964 period and more than 20 years of data

since 1978 new baywide SAV restoration goal acreage was determined by totaling the single best year

acreage from each Chesapeake Bay Program segment

The states have adopted 185000 acres as the new baywide SAV restoration goal to be achieved by

2010 consistent with the goals of Chesapeake 2000 The achievement of the baywide goal as well

as the local tributary basin and segment specific restoration goals summarized in Table 3 will be based

on the single best year SAV acreage within the most recent threeyear record of
survey

results This

new acreage goal has been added to the recently adopted strategy to accelerate the protection and

restoration of SAV in the Chesapeake Bay and Maryland and Virginia have agreed to develop an

implementation plan for this strategy by April 2004

Sediment Allocations

Sediments suspended in the water column reduce the amount of light available to support healthy and

extensive SAV communities With regards to the sediment allocations the partners agreed that a

primary reason for reducing sediment loads to the Bay is to provide suitable habitat for restoring SAV

The jurisdictions also agreed that nutrient load reductions are critical for SAV restoration as well as

improving oxygen levels As a result the states linked the establishment of sediment cap load allocations

to the proposed water clarity criteria and to the new SAV restoration goals

Unlike nutrients where loads frorn virtually all parts of the Bay watershed affect Bay mainstem water

quality impacts from sediments are predominantly seen at the local level For this reason local SAV

acreage goals have been established and sediment allocations are targeted towards achieving those

restoration goals

The
partners recognize that the current understanding of sediment sources and their impact on the Bay

is not yet complete We have only a basic understanding of landbased sediments that are carried into

local waterways through stream bank erosion and runoff but a more limited knowledge about near

shore sediments that enter the Bay and its tidal rivers directly through shoreline erosion orshallowwater
resuspension Consequently sediment allocations are currently focused on landbased sediment

cap loads

b
y major tributary basin Table 1 and jurisdiction Table 2

Most landbased best management practices which reduce nonpoint sources of phosphorus will also

reduce sediment runoff Therefore the jurisdictions agreed to landbased sediment allocations that

represent the sediment loading likely to result from implementation management actions required to

achieve the phosphorus cap load allocations



The sediment allocation was set equal to the tier level for phosphorus allocation for eachjurisdictionbasinThis
is referred to as the `phosphorus equivalent landbased sediment reduction If the

`phosphorus equivalent landbased sediment reductions were found to be more than necessary to

achieve the local SAV
acreage goals then the landbased sediment allocations were raised to that

necessary to achieve the SAV goal The tidal flesh Susquehanna Flats and tidal flesh Potomac River

are two examples where this modified approach was applied If in the development of their tributary

strategies tributary teams conclude that the landbased sediment allocations need revisions the

tributary teams may identify an alternate landbased allocation working with all the jurisdictions within

the effected basin For example a jurisdiction may select different nonpoint source management

actions than those prescribed in

the tier approach to reach the phosphorus goal the jurisdiction may

adjust the sediment goal accordingly so long as SAV restoration and protection is not compromised

I
t is likely that reduction in nutrients and landbased sediments alone will not be sufficient to achieve the

local SAV goals for many areas of the Bay In these areas tributary teams will be asked to further

assess varied and innovative methods to achieve SAV regrowth Such methods may include but are

not limited to SAV planting offshore breakwaters shore erosion controls beach nourishment

establishment of oyster bars and other actions as appropriate

Support to State Tributary Strategies

The partners have agreed to complete their nutrient and sediment reduction strategies b
y April 2004

To assist in the development of tributary strategies the Chesapeake Bay Program Office will provide

an array of technical analyses water quality and watershed modeling costeffectiveness and economic

assessment support to the tributary strategy teams through the states

The jurisdictions agreed that it is critical to work together to assure the aggregate of control actions

recommended within the nutrient and sediment strategies yield the load reductions and the Bay and tidal

tributary water quality improvements desired

Reevaluation of the Allocations

The nutrient and sediment cap load allocations adopted b
y the jurisdictions are the best scientif c

estimates of what will be needed to attain proposed water quality criteria and tidal water designated

uses described in guidance published b
y EPA Over the next two years Maryland Virginia Delaware

and the District of Columbia will promulgate new water quality standards based on the guidance

published by EPA

Although the public process for adopting water quality standards varies among the states each states

process will provide opportunities for considering and acquiring new information at the local level

States may choose to explore a number of issues during their adoption process such as the economic

impact of water quality standards and specific designated use boundaries

While the allocations adopted a
t

this time will provide the basis for tributary strategies these allocations



may need to be adjusted to reflect final state water quality standards Furthermore planned Bay model

refinements directed towards estimating water quality benefits from filter feeding resources eg
oysters and menhaden and better understanding the sources and effects of sediments will increase

our understanding of the relationship between nutrient and sediment reductions and living resource

responses in the Bay For these reasons the states agreed to a reevaluation of these allocations no

later than 2007

As partners
the jurisdictions committed to correcting the nutrient and sediment related problems in the

Bay and its tidal tributaries sufficiently to remove them from the list of impaired waters under the Clean

Water Act Although the states agreed to do their utmost to remove the Bay from the federal list of

impaired waters

b
y 2010 they recognize that it will be difficult to meet projected water quality

standards in all parts of the Bay by that time A key reason for this difficulty is that once nutrient

reduction practices are installed it may be
years or even decades before the Bay benefits from these

reductions The jurisdictions intend to have programs in place and functioning b
y 2010 such that when

fully implemented all parts of the Bay are expected to become eligible for delisting

I would like to express my appreciation to all the partners in this effort for their hard work and

commitment to restoration of the Chesapeake Bay We have agreed to nutrient and sediment

reductions which will result in profound improvements in

the water quality habitat and living resources

of the Bay

Attachments
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION

I
I
I

1650 Arch Street

Philadelphia Pennsylvania 19103°2029

NOV 3 2009

The Honorable L Preston Bryant Jr

Secretary of Natural Resources

Patrick Henry Building

1111 East Broad Street

Richmond Virginia 23219

Dear Secretary Bryant

The purpose of this letter is to provide the Chesapeake Bay Programs Principals Staff

Committee PSC with the preliminary basinwide target
loads for nitrogen and phosphorus

and

the working target loads for nitrogen and phosphorus for the basin jurisdictions
to meet the

states Bay dissolved oxygen water quality standards in
the Chesapeake Bay and its tidal

tributaries The US Environmental Protection Agency EPA expects these loads to continue to

be refined as the science unfolds These working targets
allow each of the jurisdictions

to begin

development of their Watershed Implementation Plans Plans and to move the

alsoe

is
s
u

da

Total Maximum Daily Load Bay TMDL development
forward Today EPA

the

This letter also details the

g
to

Plans

separate
letter setting forth our expectations

b
y December 2010

schedule necessary to meet EPAs commitment

Nutrient Target Loads

At the October 23 2009 PSC meeting EPA and the PSC agreed to preliminary

basinwide target loads of 200 millionpounds per year of nitrogen and 15 million pounds per year

of phosphorus as recommended by the Water Quality Goal Implementation
Team WQGIT

These preliminary
basinwide target loads for nitrogen and phosphorus

have been shown through

subsequent
model runs as being adequate to achieve the states Bay dissolved oxygen water

quality
standards

It is important to note that the preliminary basinwide target
loads will likely change

several times leading up to a draft TMDL and Final TMDL These targets
will undergo several

revisions based on further technical analysis additional
deliberations among the states the

District of Columbia District and EPA and at least two major opportunities

hese lf
o
r

oadsbl ludeut

The primary technical issues under consideration that will likely

application
ofthe upgraded Chesapeake Bay watershed model Phase 52 to 53 inclusion of

filter feeders in the Bay water qualitysediment transport model development of sediment load

targets to achieve the states Submerged Aquatic Vegetation SAVwater
and the resultant impact on he

standards development of the atmospheric deposition
allocations

ocean loads tradeoffs between nitrogen and phosphorus loads and additional load reductions

necessary to address Bay segments local water quality impairments
Furthermore EPA

recognizes
the need for further discussions with the watershed jurisdictions on the methodology

for distributing loads



In spite of likely future changesto the basinwide target loads EPA considers the

preliminary target loads200 million pounds per year ofnitrogen and 15 million pounds per

year of phosphorus to b
e appropriatefor the purpose of distributing these loads to the basin

jurisdictions as working target loads toinitiate the watershed implementation planning process in

ail six Bay watershed states and the District

EPA and the PSC agreed with New York abstaining to distribute the basinwide load

targets for nitrogen and phosphorus as working target loads to each of the basinjurisdictions

within the Chesapeake Bay watershed as recommended by the WQGIT at the October 23 2009

PSC meeting Furthermore EPA and the PSC agreed that these working target loads arenonbindingand do not represent a draft TMDL The working target loads are shown in the enclosed

Tables 1 and 2by basin and jurisdiction respectively Additionally EPA and the PSC
determined that states and the District have the latitude to exchange target loads within a state

from one basin to another or to exchange nitrogen and phosphorus loads within a basin to create

alternate target loads as long as these load exchanges achieve the states water quality standards

in all tidal Bay segments Adoption of these working target loads allows for the jurisdictions to

move forward and engage local partners in development of their Plans

Schedule of major milestones and completion of the Bay TMDL

EPA

is committed to establishing the Bay TMDL

b
y December 2010 In spite of best

efforts the important steps of determining the basinwide target loads and initial workingbasinjurisdiction
target loads have been delayed by several months This delay has caused a

commensurate delay in the states efforts to develop the Plans These Plans are important not

only to guide state and local efforts but the load targets in the Plans will be incorporated into the

draft and final Bay TMDL

While the
states and the District have less time to complete the Plans EPA believes that

the adaptive management approach that EPA has built into the planning process enables the

states to make necessary adjustments in how they are to achieve the needed load reductions after

the TMDL is established Shortening the public participation to 60 days from 90 days as well as

shortening time allotted for EPA and the states to respond to public comments will allow more
time forthe states to develop their Plans in concert with their local partners

With these modifications the major milestones of the Bay TMDL development schedule

are described below

NovemberDecember 2009 EPA hosts 15 public meetings throughout the Bay
watershed

to start the public dialog on the Bay TMDL
> June 1 2010 States and the District submit preliminarydraft Watershed Implementation

Plans with target loads

b
y source sector and Bay segment drainage to EPA

> July 15 2010 PSC reviews the initial draft Bay TMDL package provides specific

directions to WQGIT on requested changes

August 1 2010 States and the District submit revised draft Plans to EPA

August 15October 15 2010 Bay TMDL public review and second round of public

meetings

_ November 1 2010 States and the District submit final Plans to EPA



Noveriher l $ 2010 P8C reviewsprovides specific comments to EPA on the draft final

$ay TMDL packageallocations watershed plans underlying documentation

D66ember 21 20i0 EPA publication of final Bay TMDL

> November 1 2011 States and the District incorporate local target loads into their plans

and submit to EPA

EPA expects the Bay watershed states and the District to immediately move forward to

engage local partners on development of the Plans and locallevelsource sector target
loads

EPA Region IIl

in

coordination with EPA Region II is committed to working with the Bay

watershed states and the District to facilitate Plan development EPA will provide technical

analyses water quality and watershed modeling and contractual assistance to support the

watershed implementation planning process in

each of the six states and the District

I
f you have any questions please contact Mr Jon M Capacasa Director Water

Protection Division at 215 8145422

William C Early

Acting Regional Administrator

Enclosures

cc Chesapeake Bay Program Principals Staff Committee Members

Peter Silva Assistant Administrator Office of Water EPA

J Charles Fox Senior Advisor to the Administrator EPA

George Pavlou Acting Regional Administrator EPA Region II



Tabie l

preliminary Chesaprice Bay Watershed Nitrogen and Phosphorus

WOrkin Ter e
t Leaft bV Basin1

BasinJarlsdictlon

Nitrogen Target Load

million pounds Per yea

Phosphorus Target Load

millionpounds per year

SUSQUEHANNA

NY 1054 456

PA 6881 26R
MD 083 005

SUSQUEHANNA Total 8018 329

EASTERN SHORE

DE 525 028

MD 1281 124

VA 161 016

EASTERN SHORE Total 1968 168

WESTERN SHORE

MD 1015 062

WESTERN SHORE TotaJ 1015 062

PATUXENT

MD 315 024

PATUXENT Total 315 024

POTOMAC

PA 483 047

MD 1410 089

DC 237 013

VA 1609 197

WV 571 062

POTOMAC Total 4310 408

RAPPAHANNOCK

VA 649 082

RAPPAHANNOCK Total 649 082

YORK

VA 663 061

YORK Total 653 061

JAMES

VA 2849 350

JAMES Total 2849 350

TOTAL WORKING
TARGET LOAD 19776 1484

1

To match with the states tributary strategy basins the nitrogen and phosphorus loads from the Western

Shore and Eastern Shore basins in Pennsylvania have been added to the Pennsylvania Susquehanna

basin loads and the West Virginia James basin loads have been added to the West Virginia Potomac

loads



Table 2

Preliminary Chesapeake Bay Watershed Nitrogen and Phosphorus

Workin Target Loads by Jurisdiction2

JurisdictiionBasin

Nitrogen Target Load

million pounds per year
Phosphorus Target Load

million pounds per year

PENNSYLVANIA

Sus uehanna 6881 269

Potomac 483 047

PA Total 7364 316

MARYLAND
Susquehanna 083 005

Eastern Shore 1281 124

Western Shore 1015 062

Patuxent 315 024

Potomac 1410 089

MD Total 4104 304

VIRGINIA

Eastern Shore 161 015

Potomac 1609 197

Rappahannock 649 082

York 653 061

James 2849 350

VA Total 5922 705

DISTRICT OF COLUMBIA

Potomac 237 013

DC Total 237 013

NEW YORK

Sus uehanna 1054 056

NY Total 1054 056

DELAWARE

Eastern Shore 525 028

DE Total 525 028

WEST VIRGINIA

Potomac 571 062

WV Total 571 062

TOTAL WORKING
TARGET LOAD 19776 1484

3 To match with the states tributary strategy basins the nitrogen and phosphorus loads from the Western

Shore and Eastern Shore basins in Pennsylvania have been added to the Pennsylvania Susquehanna

basin loads and the West Virginia James basin loads have been added to the West Virginia Potomac

loads


